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Abstract i
Abstract
The ability to adapt to a changing environment requires the ability to extract predictive
information to guide future action. Predictive information regarding the relationship between
the performance of an action, or some external stimulus, and the delivery of a rewarding out-
come can influence behaviour. Additionally, these processes can interact; reward-predictive
stimuli can influence action-selection and guide choice, effects that can be examined in the
laboratory using tests of Pavlovian-instrumental transfer (PIT). In these tests, a stimulus
associated with a specific outcome biases action-selection towards actions previously been
associated with that same outcome (specific transfer sPIT) whereas a stimulus predicting
an outcome not earned by any action can increase the vigour of instrumental responding
(general transfer gPIT).
This thesis examines the psychological and neural processes that underlie the expression
of PIT in humans. Although extensive research in rodents has attempted to clarify the mech-
anism through which independently trained Pavlovian stimuli are able to influence action,
and the neural circuitry involved in the expression of this effect, to date there has been lim-
ited research investigating PIT in humans. To address this, a behavioural task adapted from
the rodent literature was used to examine the influence of Pavlovian stimuli on both sPIT
and gPIT; i.e., on the effects of predictive stimuli on response bias and response vigour in a
comparable manner to the established research in rodents.
First, I was able to demonstrate that the behavioural task that I developed was sensi-
tive to the motivational and choice effects of Pavlovian stimuli, replicating the independent
sPIT and gPIT effects previously demonstrated in rodents. This suggested that humans
are able to acquire distinct associations between Pavlovian stimuli and the sensory-specific
and general motivational features of the outcomes they predict, and that these associations
produce different influences on instrumental action. Adapting the Pavlovian conditioning
procedure used in this task allowed for the influence of stimuli predicting the absence of spe-
cific outcomes to be investigated, with these outcome-specific inhibitory Pavlovian stimuli
found to bias action-selection in the opposite direction to stimuli predicting the delivery of
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specific outcomes. The ability of the conditioned inhibitors to bias responding away from
action whose outcome was predicted to be omitted indicates that humans are sensitive to the
identity of omitted outcomes, and are able to use this predictive information to guide choice.
Further analysis revealed that this inhibitory sPIT effect was only evident in a subset of
participants who had reported learning outcome-specific inhibitory associations, with a sub-
group of participants reporting non-specific inhibitory associations that generally supressed
responding in the presence of the inhibitory stimuli. I hypothesized that the inhibitory con-
ditioning procedure may have been the issue, however, attempts to enhance the acquisition
of outcome-specific inhibitory associations were not successful. Finally, shared striatal sub-
strates of excitatory and inhibitory sPIT expression were found, with the expression of sPIT
driven by both excitatory and inhibitory stimuli associated with posterior putamen activity.
These shared neural substrates suggest that despite producing opposing biases in action-
selection, stimuli predicting the delivery or absence of specific outcomes influence choice
through a shared associative mechanism.
Increasingly, dysfunctions in PIT effects have been observed in a range of clinical con-
ditions. Understanding the influence of inhibitory predictions on instrumental actions in
healthy populations provides an important foundation for understanding the potential clini-
cal implications of these deficits both in terms of sensitivity to the effects of specific predictive
stimuli on choice and of the way those stimuli affect the motivation of action generally.
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Chapter 1
Introduction
1.1 General Introduction
In order to satisfy our needs and desires, whether for biologically relevant reinforcers such
as food or water, or more abstract outcomes, both humans and animals must interact with
their surrounding environments. Understanding the processes through which behaviour is
successfully and efficiently guided in response to complex and changing environments has
been the focus of extensive research in both the rodent and human literature. In particular,
the ability to extract predictive information from our environment has been demonstrated
to play a fundamental role in informing future behaviour. Associative accounts of behaviour
have been used not only to understand adaptive behaviour in complex environments, but
also dysfunctions in these processes have increasingly been associated with the dysfunction
and maladaptive reinforcement-driven behaviour in a number of clinical conditions (Griffiths,
Morris, & Balleine, 2014). Associative learning theories propose that the prior experiences
regarding the relationship between actions or external stimuli and the delivery of reinforcing
outcomes can influence subsequent behaviour and choice and, importantly, are able to ac-
count for patterns of behaviour not predicted by statistical theories based on mathematically
expressed rules (see Shanks (1993) for a review). Similarities observed in the behavioural
assessments (de Wit & Dickinson, 2009), and neural substrates (Balleine & O’Doherty, 2010)
of associative learning processes suggest these are largely conserved across species. This has
driven an increasing body of research using a translational approach to examining decision-
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making, with both the experimental designs and established neural substrates in rodents
used to inform the assessments of these processes in humans.
Although there has been extensive research examining the associative processes control-
ling instrumental action, and the predictive nature of Pavlovian stimuli, research examining
the way these processes interact in Pavlovian-instrumental transfer remains sparse in hu-
mans. This thesis aims to extend our understanding of the factors that influence Pavlovian-
instrumental transfer; that is, the ability of Pavlovian stimuli to influence action selection,
action vigour and choice. This thesis will examine factors influencing the ability of human
subjects to detect sensory specific and general motivational aspects of Pavlovian associations
through their influence on action (Chapter 2), their ability to generate outcome-specific in-
hibitory Pavlovian associations, in which stimuli predict the absence of a particular outcome,
by detecting their influence on action and causal ratings (Chapters 3 and 4), and finally the
neural substrates associated with the influence of inhibitory stimuli on action using fMRI
(Chapter 5).
1.2 Pavlovian Conditioning
Associative learning accounts were first developed to explain the ability of animals to extract
predictive information from external stimuli in the environment, such that these stimuli be-
came able to exert control over particular behaviours (Pavlov, 1927). Pavlovian conditioning,
briefly, consists of repeated pairing of an initially neutral conditioned stimulus (CS) with a
biologically potent event, the unconditioned stimulus (US). Repeated pairings of the CS with
the US, and thus also the unconditioned response (UR) elicited by the US, results in the CS
acquiring the ability to produce a conditioned response (CR) in anticipation of the US. This
basic Pavlovian conditioning effect has been clearly established in both animals and humans,
using appetitive and aversive USs, with extensive research examining the processes driving
the acquisition of these associations and the content of this learning.
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1.2.1 Conditioned Stimuli Become Associated with Multiple Features of
the Unconditioned Stimuli
The ability for CS-US pairings to result in the expression of CRs has been proposed to be
driven through the establishment of associations between internal representations of the CS
and US (see Figure 1.1), with the activation of the internal representation of the US driving
the expression and strength of the CR (Rescorla & Wagner, 1972). Although early research
proposed that CSs were able to elicit responding by evoking emotional responses related to
the US (Spence, 1958), more recent research focused on the nature of the US representations
in more detail. In particular, this research has explored the way in which different features
of the US are represented in these CS-US associations, and how these associations influence
behaviour. A representation of the distinct CS-US associations proposed in Delamater and
Oakeshott (2007) is shown in Figure 1.2.
Figure 1.1: An illustration of the connection developed between an internal repre-
sentation of the CS and US as proposed by the standard model of conditioning.
Taken from Delamater (2012)
General Motivational Features
It has been clear that Pavlovian CSs are able to acquire motivational influence over the course
of conditioning (see Dickinson and Balleine (2002) for a review). To address this, Konorski
(1967) proposed that Pavlovian conditioning consisted of two processes consummatory and
preparatory conditioning. Consummatory conditioning, in which the CS becomes associated
with a representation of the sensory-specific properties of the US, elicits CRs that are specific
to the identity of the US (i.e. a CS producing salivation after pairings with a food US). Sepa-
rate to this, Konorski (1967) proposed a preparatory conditioning process. This preparatory
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Figure 1.2: An illustration of the potential Pavlovian associations developed during
conditioning. Rather than a single association between internal representations of the CS
and US, it has been proposed that multiple components of a single US are represented, and
that multiple associations are acquired between an internal representation of the CS and the
internal representations of these multiple US features. Taken from Delamater & Oakeshott
(2007).
conditioning, which reflects the association between a CS and the general motivational state
associated with the US, results in the acquisition of CRs that are not specific to the identity of
the US but instead reflect the motivational class (i.e. appetitive or aversive) to which the US
belongs. For appetitive USs these preparatory responses may include increases in heart rate
or general approach behaviours, and have been demonstrated to aid in the performance of US
specific consummatory responses. Demonstrations of these direct associations between a CS
and a general motivational state have been provided through studies examining transrein-
forcer blocking. Blocking typically refers to the observation that once a CS has come to com-
pletely predict the delivery of a US, presenting this CS in compound with additional stimulus
prevents conditioning to this additional stimulus. That is the pre-trained CS blocks con-
ditioning to additional CSs. Ganesan and Pearce (1988) demonstrated shared motivational
features between distinct appetitive USs by demonstrating that blocking was still observed
when the USs paired with the pre-trained and compound stimuli were distinct appetitive USs
(i.e. food and water). To account for the observation of blocking between CSs predicting two
USs with distinct sensory-specific features, these USs must share motivational features that
the CSs are able to enter into direct associations with. As Rescorla and Wagner (1972) argue,
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it is the discrepancy between the expected and delivered outcomes that drives learning, a
CS that has come to fully predict the activation of a motivational system associated with
a US is able to produce blocking when presented in a compound predicting a distinct but
still appetitive US. Furthermore, the independence of the motivationally-driven preparatory
and sensory-specific consummatory conditioning processes has been demonstrated through
studies dissociating the CRs elicited by these processes. One approach to assessing these
distinct associations has been through using a backwards conditioning procedure in which
the US is presented prior to the onset of the CS, with the CS signalling the non-occurrence
of the US. This procedure has been demonstrated to produce a CS that was able to suppress
the expression of US specific consummatory CR (eyeblinks in response to an airpuff), whilst
increasing the general aversive preparatory CR elicited (potentiated startle) (McNish, Betts,
Brandon, & Wagner, 1997).
Sensory-Specific Features
As discussed above, Konorski (1967) proposed that Pavlovian conditioning results in the ac-
quisition of distinct US-specific and motivational associations. The consummatory condition-
ing proposed by Konorski involves associations between a CS and an internal sensory-specific
representation of the US in order to drive US-specific CR. The content of this sensory-specific
representation that the CS becomes associated with has been further examined through con-
ditioning studies using multiple CS-US pairings with USs that share a motivational system
but have distinct sensory-specific features. Trapold (1970) demonstrated that rodents were
sensitive to the identity of the US paired with a CS, through their ability to distinguish be-
tween two discriminative stimuli (i.e. S1:R1-O1; S2:R2-O2) in which the reinforcing outcomes
for both were food reinforcers (i.e. sucrose and pellets). Distinct US expectancies allowed
for a faster discrimination between discriminative stimuli than reinforcing both S:R-O chains
with a shared appetitive food US. This indicates that the US-specific features associated with
a CS are specific to the sensory features of the outcome, and extend beyond the general class
of appetitive reinforcer (i.e. food outcomes). Additionally, the encoding of sensory-specific
features of the US during Pavlovian conditioning has been demonstrated through the selec-
tive effects of outcome devaluation on the CR elicited by a CS. Colwill and Motzkin (1994)
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paired two CSs with two distinct food USs, as outlined above. Selectively devaluing one of
the USs resulted in lower CR in the presence of the CS associated with the devalued outcome
compared to the CS associated with the non-devalued outcome, demonstrating both that the
sensory-specific features of the US are encoded during Pavlovian conditioning and that these
features can be used to guide behaviour appropriately.
1.2.2 Assessing Pavlovian Conditioned Responding in Humans
In examining Pavlovian conditioning in studies of non-human animals, the identification and
assessment of conditioned responding has been clear and consistent across studies. However,
the technical, logistical and ethical constraints of testing human participants has resulted
in a range of protocols assessing different measures of conditioned responding compared
to the nonhuman animal literature. Aversive conditioning procedures assessing eye-blink
conditioning in response to airpuffs (e.g. Perruchet (1985)) or skin-conductance in response
to aversive outcomes (e.g. Bu¨chel, Morris, Dolan, and Friston (1998)) allow for CRs to be
directly measured in a similar manner to the animal literature. However, obtaining direct
assessments of appetitive CRs in human conditioning tasks has been more problematic, as
both the experience of conditioning and the responses that can be measured differ from
the magazine checking responding traditionally used in the rodent literature. Although
O’Doherty, Dayan, Friston, Critchley, and Dolan (2003) used pupillary response as a CR
reflecting Pavlovian learning, the logistical difficulties of this measurement have prevented
measures such as this from being commonly used in the human conditioning literature. As
a result of this, many studies examining conditioning phenomena in humans have instead
used computer tasks in which reaction time (Forrest, Mather, & Harris, 2016), response rate
(Arcediano, Matute, & Miller, 1997), or causal rating (Le Pelley, Oakeshott, & McLaren,
2005) have been used as proxies for the appetitive CR, which can be difficult to assess
directly. Nevertheless, these behavioural tasks have been able to replicate many of the
findings in the animal literature, in particular with causal ratings proposed as reflecting
the same associative processes as Pavlovian conditioned responding (Dickinson, Shanks, &
Evenden, 1984), although questions still remain as to what degree these task differences
influence the nature or use of learning assessed in these tasks in humans.
Introduction 7
1.3 Instrumental Conditioning
In addition to understanding the way in which predictive information about stimulus - out-
come parings is extracted from the environment, associative learning theories also aim to
understand the development of associations between instrumental actions made and their
associated consequences.
Stimulus-Response Associations
Early attempts to explain the acquisition of instrumental responses by animals proposed
that these actions were merely the result of reinforcement, with actions producing rewarding
outcomes resulting in increased performance of that action (Thorndike, 1911). This was
expanded on by Hull (1943) who proposed the development of associations between sensory
stimuli and motor responses, that is S-R associations, without any encoding of the outcome.
It was proposed that where a response is made in the presence of environmental stimuli, if that
response produces a reinforcing outcome the likelihood of that response being repeated in the
presence of that stimuli increases (Hull, 1943). Therefore the ability of rodents to acquire and
perform an instrumental action such as lever-pressing is merely due to the stimuli (i.e. the
presence of the lever) eliciting that response without any knowledge or desire of the outcome
it would produce (i.e. pellets). This was expanded on by Skinner (1935) who distinguished
between preparatory responses, which aid in the preparation for obtaining and consuming
outcomes, and operant responses that act upon the environment to produce the delivery of
outcomes.
Response-Outcome Associations
The increase in the rate of responding over the course of instrumental conditioning is consis-
tent with the gradual acquisition of S-R associations, driven by the reinforcement experienced
after operant responses, however these associations are not sufficient to explain an number
of instrumental conditioning phenomena. Adams and Dickinson (1981) demonstrated that
changes in outcome value were able to influence the performance of instrumental action by
rodents. After initial instrumental training, manipulating the value of an outcome associated
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with an instrumental action was found to decrease the rate of performance of that action.
Notably this shift was able to be observed under extinction, without the animals needing
to experience the new decreased value of the outcome as a consequence of the action. This
fast and flexible shifting in responding is inconsistent with that proposed by Skinner (1935).
To explain this outcome-devaluation effect Adams and Dickinson (1981) proposed the de-
velopment of response-outcome (R-O) associations. As a representation of the outcome is
associated with the instrumental response, changes in outcome value can influence choice and
action-selection without the slow updating of response-value through experience.
1.3.1 Goal-Directed and Habitual Control of Action
As outlined previously, both S-R and R-O associations have been involved in the performance
of instrumental actions, with the transition from the flexible R-O to fast S-R driven action
becoming a process of much interest in associative learning (Yin, Knowlton, & Balleine, 2006).
Despite demonstrating that instrumental actions can be sensitive to changes in outcome value,
this flexibility was influenced by a number of other experimental manipulations with Adams
(1982) indicating that R-O associations alone are not sufficient to explain the control of
instrumental responding. To account for this, two-process theories of instrumental learning
have been proposed: a rigid habitual S-R system in which responses are elicited by external
stimuli, and a flexible goal-directed system in which instrumental action is driven by R-
O associations (Balleine & Dickinson, 1998). Early in learning, responding is under goal-
directed control, with R-O associations allowing action to be guided by the desire for and
value of the outcome. This allows for fast and flexible adapting of responding to changing
circumstances. However the comparison between the values of different actions is cognitively
heavy. In contrast, with extended training associations between external stimuli and the
response made (S-R) also become established. These S-R associations allow stimuli to elicit
repsonses quickly and without the cognitively heavy process of outcome evaluation. This
transition to habitual control of action by external stimuli, as illustrated in Figure 1.3, allows
for responses to be made fast and without taxing cognitive resources. A number of tasks have
been developed to examine the nature of the goal-directed or habitual control over action.
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Figure 1.3: An illustration of the acquisition and strength of the R-O (alternatively
referred to as A-O) and S-R associations proposed by the dual-process theory
of instrumental conditioning. Early in training, when rodents are experiencing a high
correlation between the responses they make and the delivery of reinforcement, instrumental
action is predominantly driven by R-O associations. S-R associations steadily but slowly
develop over the course of instrumental conditioning, as the delivery of a reinforcer increases
the probability of a response being elicited by external stimuli. With extended training the
contribution of these S-R associations to instrumental responding increases. Taken from
Dickinson et. al. 1995.
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Tests of Control of Instrumental Action
Goal-directed actions have been argued to be controlled by the knowledge of the causal re-
lationship between an action and its consequences together with a desire for the outcome
produced by a response. Therefore, tasks that manipulate the value of an outcome or the
efficacy of an action in producing that outcome can determine if responding is goal-directed
or under habitual control. Outcome devaluation procedures involve decreasing the value of
an outcome, either through feeding on that outcome to generate specific satiety (Balleine
& Dickinson, 1998; Dickinson, Balleine, Watt, Gonzalez, & Boakes, 1995), or through con-
ditioned aversion through pairing the outcome with lithium chloride (Adams, 1982; Adams
& Dickinson, 1981). Examining the influences of this change in outcome value on inst-
rumental responding can determine the system controlling instrumental action. Sensitivity
to outcome-devaluation has been demonstrated early in instrumental training with outcome-
devaluation procedures in both rodents (Balleine & Dickinson, 1998; Dickinson et al., 1995)
and humans (Hogarth & Chase, 2011; Morris, Quail, Griffiths, Green, & Balleine, 2015;
Valentin, Dickinson, & O’Doherty, 2007; Watson, Wiers, Hommel, & De Wit, 2014) (see
Figure 1.4). Extended training has abolished the influence of outcome-devaluation on inst-
rumental responding in both rodents (Dickinson et al., 1995) and humans(Tricomi, Balleine,
& ODoherty, 2009) (see Figure 1.5), demonstrating similarities in the shift from goal-directed
to habitual control of action across species.
Additionally, goal-directed control of action has been assessed through tasks examining
the sensitivity of instrumental action to changes in the contingency between responses and
outcome delivery. As goal-directed responding is driven by both the knowledge of the R-O
association and the desire to obtain the outcome associated with that response, manipula-
tions that influence the relationship between an instrumental action and outcome delivery
should also influence instrumental responding. One way this is assessed is through contin-
gency degradation tasks. These tasks examine if instrumental responding is driven by an
attempt to obtain the reinforcing outcome by manipulating the probability of outcome de-
livery, independent of performing the associated instrumental action. Instrumental action
that is goal-directed, and therefore driven by the knowledge and desire to obtain a particular
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Figure 1.4: Outcome devaluation through specific-satiety procedures is able to re-
veal goal-directed control of action. A) After instrumental conditioning and prior to an
extinction test rodents were pre-fed on one of the instrumentally available outcomes. Rodents
responded at a higher rate on the action that had not been pre-fed (Valued) compared to
the action associated with the pre-fed outcome (Devalued), demonstrating that instrumental
responding was sensitive to the current value of the outcome each action had previously been
associated with. Taken from Balleine & Dickinson (1998). B) This same pattern of outcome-
devaluation in response to sating participants on one of the instrumentally available outcomes
was observed in humans. Taken from Valentin et al. (2007).
Figure 1.5: The influence of instrumental training length on the sensitivity to
outcome devaluation in humans. Participants with brief instrumental training (1 day)
were sensitive to changes in outcome-value, whereas instrumental responding in participants
with extended instrumental training (3 days) did not show this sensitivity. Taken from
Tricomi et al., 2009.
outcome, has been found to decrease as the probability of its paired outcome being delivered
in a non-contingent manner to instrumental responding increases in both rodents (Balleine &
Dickinson, 1998; Hammond, 1980) and humans (Liljeholm, Tricomi, O’Doherty, & Balleine,
2011; Shanks & Dickinson, 1991). Furthermore, with over-training, a procedure shown to
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promote habitual control in other paradigms, instrumental responding becomes insensitive
to contingency degradation procedures (Yin et al., 2006), indicating that instrumental re-
sponding is no longer driven by attempting to obtain a specific outcome, and that control of
responding has shifted to external stimuli (S-R).
1.3.2 Assessing Instrumental Conditioning in Humans
As highlighted above, there have been substantial parallels demonstrated between the inst-
rumental conditioning procedures in both rodents and humans. Unlike the Pavlovian con-
ditioning procedures described above, the nature of instrumental conditioning allows for the
human tasks to be designed and assessed similarly to those used in the rodent literature
with greater ease. Computer tasks in which participants make keyboard responses have been
used to examine responding in humans. Tasks using outcomes that are biologically rele-
vant (i.e. primary reinforcers; (Hogarth & Chase, 2011; Liljeholm et al., 2011; Morris et al.,
2015; Watson et al., 2014)) or outcomes with value instructed by experimenters (i.e. abstract
reinforcers (Shanks & Dickinson, 1991)) have sucessfully replicated conditioning results in ro-
dents. The ability to replicate evidence of goal-directed control from the rodent literature in
the human literature demonstrates that the same associative processes are likely driving inst-
rumental conditioning in humans. Interestingly, the computerised instrumental conditioning
tasks that are used in humans also allow for participants to make subjective ratings about
the causal efficacy of their actions which has been demonstrated to track both with objective
shifts in the instrumental contingency (Dickinson et al., 1984) and behavioural responding
(Shanks & Dickinson, 1991) (see Figure 1.6). Differences between the human and rodent
literature begin to emerge regarding the outcome-devaluation procedures used. Although
specific satiety has been successfully used to demonstrated goal-directed action (Watson et
al., 2014) and habitual control of action (Tricomi et al., 2009) in humans, logistical con-
straints have resulted in a number of other devaluation procedures being used. Successful
outcome-devaluation effects have been demonstrated in humans using disgust (Morris et al.,
2015) and instructed devaluation procedures (De Wit, Niry, Wariyar, Aitken, & Dickinson,
2007; Hogarth & Chase, 2011)), demonstrating that this effect is relatively robust. However,
the possibility that differences in the effectiveness of these different devaluation procedures
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may be revealed in more sensitive assessments should be considered.
Figure 1.6: Instrumental responding in humans is sensitive to contingency degra-
dation, with decreases in contingency decreasing both response rates (seen in
top graph) and causal judgements (bottom graph) regarding the efficacy of these
actions. Taken from Shanks & Dickinson, 1991.
1.4 Pavlovian-instrumental Transfer
In addition to stimuli present during instrumental conditioning influencing the performance
of instrumental action, independently trained Pavlovian stimuli are also able to influence inst-
rumental responding. This interaction between independently established instrumental and
Pavlovian associations is referred to as Pavlovian-instrumental transfer (PIT) (see Holmes,
Marchand, and Coutureau (2010) for a detailed review.) Although both appetitive and aver-
sive Pavlovian stimuli have been used to examine PIT, this thesis will focus on the influence
of appetitive Pavlovian stimuli on appetitively conditioned instrumental action.
1.4.1 General Transfer
Early research examining the influence of Pavlovian stimuli on instrumental responding fo-
cused on the influence these stimuli were able to produce on the vigor of responding. Estes
14 CHAPTER 1.
(1948) examined the influence of independently trained Pavlovian stimuli on instrumental
responding using a design that would later become the established approach for future re-
search. This task consisted of separate Pavlovian (S-O) and instrumental (R-O) training
stages where a stimulus and a response are trained to predict the delivery of the same out-
come. After the training stages was a test of transfer, where instrumental responding in the
presence and the absence of the Pavlovian stimulus was assessed. Importantly, this stage is
conducted in extinction to prevent further learning from influencing instrumental responding
over the course of the transfer test. Estes (1948) demonstrated that a stimulus that had
previously predicted reward was able to elevate the rate of responding above the baseline
rate. This invigorating effect on response rate has come to be referred to as general transfer
(gPIT), and has been replicated in both rodents (Holland, 2004) and humans (Lovibond &
Colagiuri, 2013; Talmi, Seymour, Dayan, & Dolan, 2008) (see Figure 1.7).
A B
Figure 1.7: Illustrations of the typical gPIT effect on response rate. A) In rodents,
the stimulus paired with reward (CS+) increased the rate of responding above the baseline
and responding in the presence of a non-reward paired stimulus (CSo). Taken from Holland
(2004). B) The influence of a reward-paired stimulus (Stimulus A) in comparison to a non-
reward paired stimulus (Stimulus B) on the rate of responding is also observed in humans,
with a higher rate of responding observed in the presence of the reward-paired stimulus.
Taken from Lovibond & Colagiuri (2013).
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1.4.2 Specific Transfer
In addition to these general effects on response rate, Pavlovian stimuli have also been demon-
strated to have a specific influence on the selection of actions. Colwill and Rescorla (1988)
expanded on the initial findings by Estes (1948) outlined above, examining the influence of
stimuli predicting specific outcomes (i.e. S1 - O1) on influencing multiple actions paired with
multiple outcomes (i.e. R1 - O1; R2 - O2). With this design, the influence of Pavlovian stim-
uli on action-selection in addition to response vigor can be examined. Colwill and Rescorla
(1988) demonstrated that stimuli that predict the delivery of a specific outcome selectively
elevate responding on the action also associated with the delivery of that same outcome (see
Figure 1.8). This selective promotion and bias in action-selection, known as specific transfer
(sPIT), has been consistently observed in rodents and increasingly demonstrated in human
studies (Hogarth & Chase, 2011; Nadler, Delgado, & Delamater, 2011) .
Figure 1.8: Typical sPIT effect. Stimuli paired with the delivery of a specific outcome
selectively elevate responding on the Same action. Responding on the action associated with
the outcome not associated with the stimulus (Different action) did not differ from the rate of
responding in the absence of Pavlovian stimuli (ITI). Taken from Collwill & Rescorla, 1988.
16 CHAPTER 1.
1.4.3 Pavlovian Stimuli Produce Independent Specific and General Trans-
fer Effects
Pavlovian stimuli have been demonstrated to produce distinct sPIT or gPIT effects under
different task designs, however examining these effects on response vigor and action-selection
separately has resulted in debate as to the relationship and independence of these two effects.
In tasks such as those used in Estes (1948), in which one outcome is shared between action
and stimulus, the effect on response rate (gPIT) is confounded with any potential effects of
selective action promotion through sPIT. This has been addressed through the development of
a 3CS PIT protocol that allows for sPIT and gPIT effects to be examined within-subjects and
within-task (Corbit & Balleine, 2005). In this protocol, two actions were paired with outcome
delivery as above (R1 - O1; R2 - O2), however in addition to the two stimuli paired with
those same outcomes (S1 - O1; S2 - O2), a third stimulus was introduced that associated with
a rewarding outcome that is not instrumentally available (S3 - O3). Therefore, Corbit and
Balleine (2005) were able to demonstrate sPIT through the bias in action-selection observed
in the presence of S1/S2, whereas the rate of responding during S3 allows for the gPIT effect
to be observed independently of any promotion of responding due to outcome-identity (see
Table 1.1 for a summary of the common task designs for assessing sPIT and gPIT).
Table 1.1: Task designs for examining the distinct types of Pavlovian-instrumental transfer
Transfer Effect Instrumental Conditioning Pavlovian Conditioning Transfer Test
Simple PIT R1 → O1 S1 → O1 S1: R1?
Specific Transfer R1 → O1 S1 → O1 S1: R1 > R2?
R2 → O2 S2 → O2 S2: R2 > R1?
Specific & R1 → O1 S1 → O1 S1: R1 > R2?
General Transfer R2 → O2 S2 → O2 S2: R2 > R1?
S3 → O3 S3: R?
The ability to observe distinct sPIT and gPIT effects within a single task (Corbit &
Balleine, 2005, 2011; Corbit, Janak, & Balleine, 2007) demonstrates that the ability for Pav-
lovian stimuli to enhance responding can be observed independently of any shared outcome
representations between stimulus and action. This supports the proposal that separate as-
sociations between the CS and features of the US are established over conditioning, with
Introduction 17
associations regarding the sensory-specific features of the US (i.e. the look/taste/feel of the
outcome that distinguishes it from others) and the general motivational properties of that
outcome (i.e. how reinforcing that outcome is) influencing instrumental responding in dif-
ferent ways. The ability for the CS to retrieve an internal representation of the identity
of the outcome it had predicted allows for it to bias choice towards an action sharing that
specific outcome. Separately, the general motivational features of the US that are elicited by
the CS separately influences the vigor of instrumental responding. This distinction has been
demonstrated by Corbit et al. (2007), who used a 3CS design to demonstrate the influence
of motivational state on the expression of sPIT and gPIT. When rodents were tested under
high motivation to respond (i.e. assessing responding for food rewards when hungry) both
sPIT and gPIT effects were able to be observed (see Figure 1.9). However, when rodents
were tested under a low motivation to respond for food reward (i.e. through sating animals
prior to testing), the biasing sPIT effect was still able to be observed but the independent
gPIT effect on response rate was abolished. This demonstrates that not only are sPIT and
gPIT effects distinct and able to be examined separately, these processes are independent
and able to be behaviourally dissociated.
Figure 1.9: An illustration of the distinct CS-US associations that are developed
during conditioning and their influence on responding during a transfer test.
Associations regarding the sensory-specific features of the US are used to guide action (sPIT),
whereas associations between the CS and the motivational features of the outcome influence
the vigor of responding (gPIT).
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Demonstrating Distinct Specific and General Transfer Effects in Humans
Although there has been increasing interest in examining PIT in humans, demonstrating
distinct sPIT and gPIT effects within a single task in a manner comparable to the animal
literature has proven difficult. Tasks using the simple PIT design outlined in Table 1.1
have demonstrated that Pavlovian stimuli are able to influence response vigor (Colagiuri
& Lovibond, 2015; Lovibond & Colagiuri, 2013; Talmi et al., 2008), however these findings
are confounded by the same influence of shared outcomes between stimulus and action as
discussed in regards to Estes (1948). Separately, sPIT effects have been observed in a number
of tasks with the biasing effects on action-selection seen in both forced choice (Bray, Rangel,
Shimojo, Balleine, & O’Doherty, 2008; Hogarth & Chase, 2011) and free response (Allman,
DeLeon, Cataldo, Holland, & Johnson, 2010) tasks. The first attempt to examine both
sPIT and gPIT within a single task in humans adapted the 3CS design used by Corbit and
Balleine (2005), however instead of the primary reinforcers used in the rodent literature,
nominal reinforcers were used in a computer task (Nadler et al., 2011). Using this approach
Nadler et al. (2011) were able to observe sPIT, with stimuli paired with an instrumentally
available outcome biasing responding towards the action associated with the shared outcome.
However, the separate gPIT effect was not able to be observed, and a stimulus associated
with an instructed reinforcer that was not associated with any instrumental actions did not
influence the rate of responding. An independent gPIT effect, in addition to sPIT, was only
able to be observed by Nadler et al. (2011) when the instrumental and Pavlovian conditioning
procedures were adapted to avoidance and aversive conditioning procedures respectively. This
aversive sPIT and gPIT has been replicated (Lewis, Niznikiewicz, Delamater, & Delgado,
2013), however this approach differs substantially from the appetitive conditioning procedures
traditionally used in the rodent literature.
Later attempts to examine distinct sPIT and gPIT effects within a single task successfully
demonstrated these effects using adapted 3CS designs and the appetitive conditioning proce-
dures used in the rodent literature (Pre´vost, Liljeholm, Tyszka, & O’Doherty, 2012; Watson
et al., 2014). Although both studies were able to demonstrate statistically significant general
transfer effects, the magnitude of these effects was relatively small in comparison to the prior
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animal findings. This suggests that the motivational influences of Pavlovian stimuli may be
more difficult to generate and assess in humans. In particular, differences in the experience
and nature of the outcomes used in the rodent and human Pavlovian conditioning procedures
may account for the difficulty in generating motivational Pavlovian associations in humans.
Both of the procedures that have successfully demonstrated appetitive gPIT effects inde-
pendently from sPIT have used primary reinforcers, with food outcomes that were either
consumed after testing (Pre´vost et al., 2012) or during training (Watson et al., 2014). This
importance of the motivational value of the outcome used as a reinforcer is also emphasized
by the Nadler et al. (2011) study, in which gPIT was only able to be observed when a change
from nominal to aversive outcomes was made during conditioning, and by introducing a more
engaging game-like task framing. These studies highlight that task design and parameters
regarding reinforcers are particularly important when translating motivationally driven tasks
across species. Recent studies from our laboratory have demonstrated that a novel task us-
ing primary food reinforcers and engaging task testing procedures is able to produce robust
sPIT and gPIT effects in humans (Morris et al., 2015; Quail, Morris, & Balleine, 2017) (see
Figure 1.10). This task extends the prior tasks examining distinct appetitive sPIT and gPIT
effects in humans by using a 3CS design more comparable to the rodent literature, in which
participants are able to respond freely in the presence and absence of the Pavlovian stimuli.
This differs from the tasks used in Watson et al. (2014) and Pre´vost et al. (2012), in which
short windows of responding were used. In addition to replicating the difference in the rate
of responding between reward-paired and non-reward paired stimuli, in assessing gPIT this
task was also able to compare responding during the reward-paired CS to an active base-
line, demonstrating an independent gPIT effect in which the reward-paired stimulus elevated
responding above baseline.
1.4.4 Factors Influencing the Expression of PIT
Due to the relatively limited body of research examining the expression of sPIT and gPIT
in humans, our understanding of the factors that influence the expression of these effects is
relatively sparse. In the rodent literature sPIT has been demonstrated to be resistant to
motivational manipulations (Corbit et al., 2007) and outcome devaluation (Holland, 2004),
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Figure 1.10: Specific and general transfer effects when assessed in a single task. A)
sPIT: Presentation of stimuli associated with an instrumentally available outcome selectively
increases the rate of responding on the action associated with that outcome (Same action).
Responding on the action associated with the alternate outcome (Different action) did not
change from the baseline rate of responding. B) gPIT: In the presence of a stimulus paired
with a non-instrumentally associated outcome (CS+) the rate of responding increased from
baseline. The presence of a non-reward paired stimulus (CS-) did not influence the rate of
responding. Taken from Quail et al., 2017
with Pavlovian stimuli able to bias action-selection and promote responding on the action
associated with the shared outcome, regardless of the current desire or value for that outcome.
The evidence regarding the influence of outcome-devaluation procedures on sPIT in humans
is less clear, with tasks that have devalued primary reinforcers through either specific satiety
(Hogarth & Chase, 2011; Watson et al., 2014) or instructed devaluation (Hogarth & Chase,
2011) leaving sPIT intact. Contrary to these findings, a task examining sPIT using nominal
reinforcers found that the instructed devaluation procedure did not influence the expression of
sPIT (Allman et al., 2010). However, as the difficulties demonstrating gPIT using instructed
reinforcers demonstrates, the use of nominal reinforcers during conditioning may result in
differences in learning assessed in these tasks. To date, only one task has examined the
influence on gPIT independently from sPIT using a 3CS task. Watson et al. (2014) did not
observe between-group differences in the expression of gPIT between sated and non-sated
participants, however a correlation between post-satiety hunger scores and the expression of
gPIT scores was found, with less hungry participants producing smaller gPIT effects. This
suggests that the same motivational influence on the expression of gPIT that Corbit et al.
(2007) observed also influences responding in humans, and that the lack of between-group
differences stems from the difficulty in sufficiently sating humans using this procedure.
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1.5 Theories of Pavlovian-instrumental Transfer
Although the ability for Pavlovian stimuli to produce sPIT and gPIT effects has been
clearly established in both rodents and humans, there remains substantial debate regard-
ing the mechanism through which these independently trained Pavlovian stimuli influence
instrumental action.
1.5.1 S:R-O Theory
One account of the sPIT effect proposes that the instrumental and Pavlovian conditioning
procedures produce hierarchical associations in addition to the S-O and R-O associations
established. Early accounts of PIT do not distinguish between Pavlovian stimuli trained as
discriminative stimuli, and those trained independently of instrumental conditioning. It is
from this framework that Colwill and Rescorla (1990) argue that the ability for a Pavlovian
stimulus to selectively influence instrumental responding and produce sPIT effects is driven
by the ability for the S to enter into a hierarchical association with the entire R-O association
(S(R-O) association). The ability for a stimulus that has been trained as a discriminative
stimulus for one instrumental association (e.g. S1: R1 - O1) can also produce some degree
of control over a different instrumental action associated with the same outcome (e.g. R2
- O1) (Colwill & Rescorla, 1988), has been argued to suggest that the stimulus becomes
associated with both the identity of the response and outcome it has been associated with,
and that these stimuli are able to act as an ‘occasion-setter’ for the R-O associations (Col-
will & Rescorla, 1990). However, this account suggests that sPIT is driven by the stimulus
increasing the expectancy of the reinforcement of the response and so does not account for
findings that manipulations that alter the R-O association, such as instrumental contingency
degradation (Rescorla, 1992) or outcome devaluation (Holland, 2004), do not influence the
expression of sPIT. This approach was later expanded on to propose a mediated S-R ac-
count of sPIT thad does not require stimuli to be present during instrumental reinforcement
(Cohen-Hatton, Haddon, George, & Honey, 2013). this account proposes that Pavovian stim-
uli become associated with instrumental responses through the shared outcome retrieving a
representation of the action in the presence of the Pavlovian stimulus. That is, after inst-
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rumental conditioning, when a stimulus is paired with outcome delivery, that outcome is able
to elicit a representation of the action that had previously been paired with that outcome.
By retrieving a representation of an action in the presence of a stimulus, S-R associations can
be established through temporal contiguity, allowing for the stimulus to bias action-selection
when presented later in a transfer test.
1.5.2 S-O-R Theory
To account for the insensitivity of sPIT to a number of post-training manipulations, S-O-R
theories in which O-R associations drive the bias in action-selection have ben proposed. One
S-O-R model, first proposed by Kruse, Overmier, Konz, and Rokke (1983) emphasises the
role of learned O-R associations. This theory proposes that an outcome can come to be
represented not only as a goal for an action to produce, but also as a stimulus that precedes
the performance of an action. It is proposed that as instrumental associations are acquired
over the course of training, in addition to learning an association between an instrumental
response and the outcome that follows it (R-O), an association between the consumption
of an outcome and the initiation of further responding (O-R) is also acquired. Balleine
and Ostlund (2007) were able to assess this theory and distinguish between R-O and O-R
associations, through experiments in which an outcome was produced by one action, but
preceded responding on an alternate action. Manipulating the value of the outcome through
devaluation was found to influence responding on the action that produced it, but not on the
action that it preceded, demonstrating that O-R associations can be established and that they
are able to influence instrumental action independently of current outcome value. Therefore,
Balleine and Ostlund (2007) argue the ability for Pavlovian stimuli to control actions is via
the presentation of a stimulus eliciting a representation of the outcome it predicts (S-O),
and through this internal representation of the specific sensory features of the outcome, the
O-R association that shares that specific outcome representation is retrieved, thus guiding
action-selection. Alternatively, it has also been proposed that hte O-R associations used
to drive PIT are not learned during conditioning, but rather R-O associations used in a
backwards direction. Mackintosh and Dickinson (1979) proposed a ‘biirectional hypothesis’
in which established R-O associations are able to be used both in the direction that thehy
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were established (i.e. to retrieve a representation of the outcome the response predicted), but
that these associations can also be used in a backwards direction (i.e. that an outcome is able
to elicit the response with which it was associated). These backwards R-O associations allow
for the expression of sPIT through an S-O-R mechanism, without requiring O-R associations
to be established in addition to R-O associations. Furthermore, if the O-R associations are
crucial for the expression of sPIT, the demonstration that these associations are insensitive
to outcome devaluation procedures provides an explanation for the insensitivity of sPIT to
these devaluation manipulations that the S:R-O theory does not.
1.5.3 Propositional Theory
Both the S:R-O and S-O-R theories have been developed using research assessing the ex-
pression of PIT in rodents. Although recent replications of sPIT and gPIT effects have been
proposed to reflect the shared associative mechanisms driving these effects across species, it
may be possible that tasks assessing PIT in humans may produce similar behavioural effects
to the rodent literature that have been driven by a different decision-making process. The
debate as to the extent of the involvement of propositional reasoning in human tasks assessing
associative learning translated from the rodent literature has been an area of much debate
(see Mitchell, De Houwer, and Lovibond (2009) for a review), and a recent proposal has im-
plicated propositional reasoning in the expression of sPIT in humans. Seabrooke, Hogarth,
and Mitchell (2016) observed that instructions regarding the nature of the stimuli presented
in a sPIT test were able to influence the effect these stimuli had on choice, either blunting
or reversing the traditional sPIT bias observed. They argue that this sensitivity to explicit
instruction demonstrates that sPIT is driven by goal-directed propositional mechanism in
which the ability for a stimulus to bias action-selection is driven by direct knowledge and use
of the S-O and R-O associations experienced during training. That a number of tasks have
failed to observe PIT effects in participants who were unable to explicitly report the S-O as-
sociations (Hogarth, Dickinson, Wright, Kouvaraki, & Duka, 2007; Lovibond, Satkunarajah,
& Colagiuri, 2015) has also been argued to support the involvement of propositional reason-
ing in the expression of PIT. However this propositional account fails to adequately explain
the insensitivity of sPIT to outcome devaluation effects, with participants still biasing action
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towards an outcome which is no longer valued in the presence of a predictive stimulus. Al-
though, as discussed above, some instructed devaluation procedures appear to influence the
expression of sPIT when compared to procedures that devalue outcomes through experience.
That Allman et al. (2010) were able to abolish sPIT using an instructed devaluation proce-
dure is consistent with the predictions of a propositional approach to PIT tasks, suggesting
that task design and framing in humans may be important in ensuring that these tasks are
assessing equivalent associative processes to the animal literature.
1.6 Neural Substrates of Pavlovian-instrumental Transfer
In addition to the emerging evidence suggesting a shared associatetive mechanism driving
the expression of sPIT and gPIT across species, attempts to examine the neural circuitry
underlying the expression of these two processes have implicated a number of homologous
regions in the expression of sPIT and gPIT in both rodents and humans.
1.6.1 Neural Correlates of General Transfer
Although the neural circuitry that is associated with and necessary for the expression of
sPIT and gPIT has been examined extensively in rodents (see Holmes et al. (2010) for a
brief overview.), research regarding the neural substrates of PIT in humans remains limited.
Recently a number of studies have used functional magnetic resonance imaging (fMRI) to
examine the neural correlates of sPIT and gPIT in humans. Using a simple PIT procedure,
Talmi et al. (2008) observed activity in the ventral striatum and amygdala associated with
the expression of gPIT. Although the homologies between the rodent and human anatomy
within the striatum are not clearly defined, Talmi et al. (2008) argue that this ventral striatum
activity is consistent with the involvement of the NAcc core in the expression of gPIT that
has previously been demonstrated in rodents (Corbit & Balleine, 2011).
1.6.2 Neural Correlates of Specific Transfer
Consistent with the neural dissociations between sPIT and gPIT observed in the striatum
in rodents (Corbit & Balleine, 2011; Corbit & Janak, 2007), examining the neural correlates
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of sPIT in humans found that activity associated with the expression of the bias in action
selection was associated with a distinct region to that implicated in gPIT. Differences in
activity in the posterolateral putamen were observed when comparing activity associated
with stimulus presentations in which participants chose the action promoted by the stimulus
(i.e. the action associated with the same outcome as the stimulus presented) to trials in
which participants chose the non-stimulus promoted action (i.e. the action associated with a
different outcome to that paired with the stimulus) (Bray et al., 2008). Additionally, it was
revealed that the difference in the putamen activity was driven by a suppression of activity
in this region in the trials where the choice made by participants was not consistent with a
sPIT effect, and the non-stimulus promoted (i.e. Different) action was performed. Bray et al.
(2008) have argued this reflects the involvement of the posterior putamen in the use of O-R
associations in sPIT, with this activity needing to be suppressed in order for the action not
driven by the O-R association to be performed. These distinct neural substrates of sPIT and
gPIT in humans have been further extended by Pre´vost et al. (2012) who used a free-response
design more comparable to the tasks used in the animal literature, with a 3CS design such
that both sPIT and gPIT can be examined within a single experiment. Consistent with Bray
et al. (2008), Pre´vost et al. (2012) observed that activity in the ventrolateral putamen was
associated with sPIT, although they failed to observe the ventral striatal activity associated
with gPIT expression previously observed in Talmi et al. (2008). Additionally, when the
differences in the behavioural expression of sPIT and gPIT were taken into account, activity
in a subregion of the amygdala consistent with the BLA was associated with sPIT expression.
In contrast, activity in a subregion of the amygdala consistent with the CeN was associated
with gPIT expression (Pre´vost et al., 2012). These neural dissociations of sPIT and gPIT in
the amygdala is also consistent with the existing rodent literature (Corbit & Balleine, 2005).
Furthermore, the ability to replicate this behavioural and neural dissociation in humans
within a single task further strengthens the claim that the associative and neural mechanisms
driving sPIT and gPIT are conserved across species.
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1.7 Implications of Pavlovian-instrumental Transfer
In addition to aiding our understanding of the influence of external stimuli on decision-
making as an adaptive process in healthy populations, there has been an increasing focus on
PIT as potentially involved in the maladaptive behaviour observed in a number of clinical
conditions. This is particularly driven by the demonstrations, in both rodents and humans,
of Pavlovian stimuli being able to promote responding for an outcome regardless of the
current desire or value for that outcome (Holland, 2004; Watson et al., 2014). This has
been argued potentially to contribute to relapse in drug or alcohol use, as drug associated
stimuli have been found to enhance craving and promote drug-seeking behaviours despite
the desires of individuals to abstain from these actions. In laboratory testing, cigarette
associated stimuli were demonstrated to bias action-selection in a population of smokers
(Hogarth & Chase, 2011; Hogarth et al., 2007). Importantly, the stimuli were still found
to bias choice even when the value and desire for cigarettes were decreased through health
warnings or smoking a cigarette to satiety (Hogarth & Chase, 2011). Interestingly, recent
research that used this same paradigm found that traditional cigarette packages were able to
elicit a sPIT effect, the plain packaging that has recently been introduced in Australia was
not found to elicit a bias in action selection (Hogarth, Maynard, & Munafo`, 2015), suggesting
that these packaging changes may be producing their desired effect by degrading cue-elicited
tobacco seeking behaviours. In addition to providing a potential mechanism for cue-driven
drug seeking behaviours, there has also been recent research implicating dysfunctions in PIT
in maladaptive reward-driven behaviours more broadly. Alcohol dependent patients were
found to be more sensitive to the motivational influences of Pavlovian stimuli, displaying
a stronger gPIT effect than healthy controls (Garbusow et al., 2015), whereas people with
schizophrenia displayed a deficit in their ability to use the motivational value of Pavlovian
stimuli to guide the rate fo responding (Morris et al., 2015). Interestingly, a study examining
the influence fo the calorie count of food outcomes paired with stimuli and actions found that
the expression of sPIT did not differ between high and low calorie outcomes in a group of
healthy weight adults, however obsese participants were found to be more sensitive to sPIT
driven by high-calorie outcomes (Watson, Wiers, Hommel, Gerdes, & De Wit, 2017). That a
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range of deficits in the expression of PIT have been observed in different patterns across these
distinct populations highlights the importance of PIT, and the necessity to clearly understand
the associative processes and neural mechanisms of stimulus driven action in humans.
1.8 Thesis Research Aims
The research reviewed above highlights the importance of associative learning, and the value
of using behavioural tasks translated from the animal literature, in understanding and as-
sessing human behaviour. In particular, increasing evidence that Pavlovian stimuli are able
to influence independently trained instrumental actions in humans has resulted in PIT being
implicated in driving maladaptive behaviours in both healthy and clinical populations. De-
spite the broader significance and implications of this effect, the associative mechanism and
conditions influencing the expression of PIT in humans remains poorly understood. Repli-
cations of the sPIT and gPIT effects, and the homologous neural substrates that have been
associated with the expression of these effects in rodents and humans, suggests that the as-
sociative mechanism driving stimulus-promoted action is conserved across species. However,
there have been some notable failures to replicate PIT effects in humans, highlighting the
limitations in our understanding of the conditions necessary to observe these effects. In par-
ticular, as studies examining PIT in humans have only relatively recently emerged, the task
protocols used have varied substantially across laboratories and experiments. This lack of a
standardized task has been problematic for expanding our understanding of the associative
mechanism and identifying factors influencing the expression of PIT in humans, as clearly in-
terpreting findings across distinct and differing task protocols remains problematic. For this
reason this thesis aimed to expand our understanding of the associative mechanism driving
PIT, using a behavioural task that is able to demonstrate robust replications of the effects
of excitatory Pavlovian stimuli on action-selection and motivation. By adapting a task sen-
sitive to the motivational and sensory-specific influence of Pavlovian stimuli in a comparable
manner to the established rodent literature, we were then able expand on prior studies of
PIT in humans by examining the generation and influence of stimuli predicting the absence
of outcome on responding. Using this behavioural task in combination with functional imag-
28 CHAPTER 1.
ing and various independent assessments of inhibition, the broad aim of this thesis was to
investigate the associative processes through which Pavlovian stimuli are able to influence
instrumental action in humans.
1.8.1 Chapter 2
The aim of the experiments in this chapter was to demonstrate that the motivational and
sensory-specific features of Pavlovian stimuli can be robustly detected using a behavioural
protocol recently developed in this laboratory. Additionally, measures of participants inst-
rumental control were obtained through the response-reinforcer contingency experienced in
a contingency variation task, and through the rate of responding in the absence of Pavlovian
stimuli on the transfer test. These measures were used to examine the relationship between
existing differences in instrumental control and sensitivity to the effects of Pavlovian stimuli
on action-selection and response vigor within a single task.
1.8.2 Chapter 3
Following the results of Chapter 2, the PIT task was adapted to examine the influence of
stimuli predicting the delivery or absence of specific outcomes on action-selection. This chap-
ter aimed to examine if the sensory-specific features of outcomes can become associated with
stimuli that predict their absence, and if these stimuli are able to influence action-selection.
Examining the pattern of responding that outcome-specific inhibitory stimuli produce, and if
the reversal of excitatory sPIT effects observed in the rodent literature can be replicated, this
chapter aimed to clarify the existence and influence of inhibitory action-outcome associations
in driving sPIT through an S-O-R mechanism.
1.8.3 Chapter 4
In Chapter 3, our inhibitory conditioning procedure was not able to generate outcome-specific
inhibitory associations in all of our participants. The experiments in this chapter aimed to
examine if specific features of the conditioning task influenced the acquisition of outcome-
specific inhibitory Pavlovian associations. Examining Pavlovian conditioning separate from
the transfer test, with an independent assessment of inhibition, allowed for the influence of
Introduction 29
participant engagement and the visual presentation of stimuli on the nature of inhibition
association developed to be assessed.
1.8.4 Chapter 5
Following on from the results of Chapter 3, this study aimed to extend our understanding of
inhibitory sPIT, using functional imaging to examine the neural correlates of excitatory and
inhibitory stimulus-driven action-selection. By examining the influence of stimuli predicting
the delivery or absence of specific outcomes, we were able to examine regions of activity
associated with the expression of sPIT more generally and regions differentially involved
in action-selection driven by excitatory or inhibitory stimuli. Finally, including multiple
measures assessing inhibition allowed for us to examine the relationship between self-reported
inhibitory associations and the inhibition detected in transfer and summation tests separately.
Chapter 2
Specific and General
Pavlovian-instrumental Transfer
2.1 Introduction
2.1.1 Assessing Pavlovian-instrumental Transfer in Humans
Tasks assessing Pavlovian-instrumental transfer in humans are promising, not only for un-
derstanding decision-making in healthy populations, but also for characterizing dysfunction
in specific clinical disorders. However, many of the existing protocols that are used to assess
the transfer effect do not meet the conditions of the established protocols used in the animal
literature. As a consequence, they often do not: (i) assess the effects of stimuli on free choice;
(ii) assess both the specific and general motivational influences of the predictive stimuli and
(iii) use an active baseline against which to assess the influence of the stimuli:
1. Free Choice: To demonstrate a specific transfer effect that reflects the influence of
predictive stimuli on unconstrained choice, protocols need to be designed that allow
participants to respond without constraint; i.e., to respond or to refrain from responding
in the presence of the predictive stimuli. Forced choice protocols such as those employed
by Hogarth and Chase (2011) are able to demonstrate a bias in choice similar to the
specific transfer effects observed in animals. Nevertheless, it is unclear if the same effect
would emerge if participants were free to respond without constraint.
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2. Independent Specific and General Transfer Effects: In order to clearly inter-
pret the transfer effects observed, and potential impairments in performance on these
tasks, Pavlovian-instrumental transfer tasks need to be able to distinguish between the
ability of Pavlovian stimuli to exert a specific bias on choice between actions and to
motivate actions more generally. Despite research in the animal literature that has
clearly demonstrated distinct and dissociable specific (sPIT) and general (gPIT) trans-
fer effects within a single task (c.f. Corbit and Balleine (2005); Corbit et al. (2007)),
protocols that are able to distinguish between these effects are rare in the human liter-
ature. Many tasks that examine the influence of Pavlovian stimuli on action selection
do not consider the contribution of the motivational features of the stimuli to the
behaviour expressed, whereas tasks that assess general transfer alone typically use a
simple transfer design in which the single stimulus and response share the same out-
come (c.f. Lovibond and Colagiuri (2013)). This design is able to examine stimulus
driven changes in the motivation to respond, however this is confounded with potential
promotion of responding through the shared identity of that outcome.
3. Active Baseline: In addition to assessing responding elicited by Pavlovian stimuli in
the presence of these stimuli, change in responding from an active baseline is also needed
both to establish and interpret the specific and general transfer effects. It has been
demonstrated that the expression of transfer is related to baseline responding during
the transfer test (Colagiuri & Lovibond, 2015). As such, it is important use an active
baseline measure, rather than changes in responding during stimulus presentations, to
assess the degree to which Pavlovian stimuli influence instrumental performance and
the direction of this change in Pavlovian-instrumental transfer in humans.
In comparison to the animal literature, only a few studies using human subjects meet
these three criteria. The first study to take this approach and utilize this task design in
humans was unable to observe independent sPIT and gPIT using appetitive conditioning,
and was only able to observe these effects with an aversive conditioning procedure (Nadler
et al., 2011). In comparison to the robust effects on response vigor observed in tasks using
a simple PIT design (Lovibond & Colagiuri, 2013; Talmi et al., 2008), the failure to detect
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independent appetitive gPIT demonstrates the importance of using a 3CS design in order to
clearly examine the motivational influences of Pavlovian stimuli. Other protocols that have
successfully demonstrated independent sPIT and gPIT effects using appetitive conditioning
paradigms have not assessed these effects relative to an active baseline (Watson et al., 2014),
leaving our understanding of the processes driving the difference in responding between paired
and unpaired cues equivocal. Recently, we developed a protocol that used the 3CS design
adapted from Corbit and Balleine (2005), demonstrating independent specific and general
transfer effects relative to an active baseline (Morris et al., 2015; Quail et al., 2017). For this
reason, this protocol appears a promising approach to clarify and extend our understanding
of specific and general Pavlovian-instrumental transfer in humans.
2.1.2 Factors Influencing the Expression of Transfer
Much of the research examining Pavlovian-instrumental transfer in humans to date has fo-
cused on replicating the specific and general transfer effects extensively demonstrated in the
animal literature, using different protocols and reinforcers (Lehner, Balsters, Herger, Hare, &
Wenderoth, 2016). As these basic transfer effects become more clearly established in humans,
identifying and understanding the factors that influence the expression of this transfer effect
is the next avenue of research.
Baseline Rates of Responding
One factor that has been identified as influencing the expression of transfer in humans has
been the rate of responding in the absence of the Pavlovian stimuli. It is important for the
transfer test to be conducted under both instrumental and Pavlovian extinction, so that no
new learning is able to influence performance at test. However, maintaining responding un-
der these conditions in humans can be difficult. In rodent studies, a period of instrumental
extinction is typically included before the transfer test, to decrease the high rate of respond-
ing the extended instrumental training produces and lower the baseline rate of responding
during the transfer test. In humans, however, instrumental conditioning is less extensive, and
as such, many such tests do not incorporate a period of extinction prior to the transfer test,
but rather implement a ‘nominal extinction’ procedure. In this procedure no instrumental
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feedback is given via delivery of the outcome, although participants are led to believe that
their actions are still earning rewards in the absence of this feedback. These procedures typ-
ically produce substantial inter-subject variability in baseline responding during the transfer
test. Colagiuri and Lovibond (2015) exploited this variability to examine the influence of
the baseline rate of responding on the expression of transfer. In participants that responded
at a low baseline rate, the effect of transfer was driven by an elevation of responding during
the CS+, similar to the pattern observed in the animal literature. However, in participants
with a high baseline rate of responding, the expression of general transfer was driven by a
suppression of responding from baseline during the CS-. Although the simple transfer de-
sign used in this study complicates disentangling the specific and general transfer effects,
it nevertheless provides evidence for a distinction between the acquisition of excitatory and
inhibitory Pavlovian associations, and the ability to detect these associations through their
influence on responding in the transfer test.
Instrumental Contingencies and Control of Action
Interestingly, other factors that have been found to influence the expression of PIT have also
been implicated in the control of instrumental action alone. Interval schedules, in which a
period of time must pass before a response will be reinforced, have been associated with pro-
moting the transition from goal-directed to habitual control of action (Dickinson, Nicholas, &
Adams, 1983). Additionally, these schedules have also been associated with exerting stronger
influence of Pavlovian stimuli on action (Wiltgen et al., 2012), although the selectivity of
this effect on enhancing transfer remains unclear. Additionally, the magnitude of transfer
has been associated with the instrumental contingencies experienced by participants during
conditioning. Participants who experienced a lower instrumental contingency (i.e. their ac-
tions were less effective in producing outcomes) displayed a greater increase in the rate of
responding during the transfer test (Cartoni, Moretta, Puglisi-Allegra, Cabib, & Baldassarre,
2015). However, this study did not distinguish between specific and general transfer effects
so, as before, the specificity of this influence is unclear.
Separate to the control and efficacy of instrumental action experienced as part of the PIT
task, instrumental control more broadly and goal-directed control more specifically has been
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found to be inversely related to participants sensitivity to Pavlovian transfer. Using a gen-
eral transfer task, which examined the influence of Pavlovian stimuli of varying magnitudes
of reward, Sebold et al. (2016) found that participants whose actions were more strongly
influenced by the stimuli were also less likely to rely on model-based action (which is broadly
similar to goal-directed control of action) in a two-stage model-based model free task. This
suggests that participants whose performance was less sensitive to goal-directed control were
more sensitive to the motivational influence of Pavlovian stimuli.
2.1.3 Aims of Chapter 2
The overall aim of the experiments presented in this chapter is to demonstrate that inde-
pendent specific and general transfer can clearly and robustly be observed in a single task
in humans. Despite increasing evidence for the expression of specific and general transfer in
humans, it has been difficult to demonstrate a robust general transfer effect independently
of a specific transfer effect. Quail et al. (2017) demonstrated that this 3CS task is able to
demonstrate an independent general transfer effect, the experiments in this chapter aim to
examine this effect - in particular its relationship relative to baseline, in more detail. We
also intended to expand on the research implicating instrumental control in sensitivity to
the transfer effect by using a contingency variation task to assess participants goal-directed
sensitivity and its relationship to the expression of specific and general transfer separately.
2.2 Experiment 1
As discussed above, we have developed a task that has previously produced independent specific
and general transfer effects (Morris et al., 2015; Quail et al., 2017). However, this separate
general transfer effect has been notoriously difficult to observe in a robust manner using other
paradigms (Nadler et al., 2011; Watson et al., 2014). For this reason, in this experiment we
intended to replicate our original findings using this task design and clarify the nature of
this effect relative to baseline rate of responding. Furthermore, we intended to expand on
the findings of Colagiuri and Lovibond (2015), and examine how individual differences in
the rate of baseline responding influence the expression of the specific and general transfer
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effects more clearly. In a more exploratory approach, we intended to probe the relationship
between the experienced efficacy of instrumental action and sensitivity to stimulus promoted
action, through comparing participants responding during a contingency sensitivity task to the
magnitude of the specific and general transfer effects expressed. We predicted that this task
would produce robust specific and general transfer effects, and that the general transfer effect
would be driven by an elevation of responding in the presence of the reward-paired stimulus.
We predicted that the direction of the expression of transfer would differ between the high and
low baseline groups of participants. Furthermore, we predicted that transfer effects would be
stronger in participants who were less sensitive to instrumental reinforcement contingencies
in the contingency variation task, however it was unclear if these differences would be observed
in specific or general transfer, or both.
2.2.1 Method
Participants
12 participants (9 females) were recruited from the community with a mean age of 26.17
(SD : 8.02). Participants had normal or corrected to normal vision, and were reimbursed for
their time with gift vouchers. All participants provided written informed consent according
to the approval requirements of the Human Research Ethics Committee of the University of
Sydney.
Stimuli and Materials
This task was designed using PsychoPy software (Peirce, 2007), and was conducted on an
Apple laptop. Throughout the task an image of a ‘vending machine’ was presented in the
centre of the screen. Participants were able to make two responses (R1, R2) on an external
button box, with additional key responses made using the laptop keyboard. The left and
right button box responses tilted the vending machine image left or right in response to
participants’ button presses. The stimuli used during the Pavlovian training stage of the
task consisted of different coloured ‘lights’ on the vending machine (red, green, blue, yellow).
The three outcomes used were images of distinct food snacks (M&Ms, BBQ Shapes, Tiny
Teddies). When shown these images were presented below the image of the vending machine.
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Images of the stimuli used are shown in Figure 2.1.
a) b)
c) d)
Figure 2.1: Stimuli used in the associative learning ‘vending machine’ task. a) A
cartoon image of a vending machine was presented throughout all stages of this task. Images
of b) BBQ Shapes, c) Tiny Teddies, and d) M&Ms were used as outcomes.
Procedure
Participants were asked to refrain from eating for the 6 hours prior to testing and arrived
at the laboratory hungry. After providing consent, participants tasted one of each of the
three food snacks used as outcomes. They then rated their current level of hunger and the
pleasantness of each snack. Participants were then instructed that they were to play a simple
computer game, in which they would be able to earn the food snacks they had just tasted.
Participants were not able to consume the food outcomes as they were earned, but were
instructed that their performance would determine the amount of snacks that they would be
able to take home and consume after the experiment. The computer game consisted of two
tasks, one testing participants’ sensitivity to the contingency of action reinforcement, and
the second task assessing both outcome-specific and general Pavlovian-Instrumental transfer
effects.
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Contingency Variation We examined participants sensitivity to the efficacy of their ac-
tions through a contingency variation task. In this task participants were able to perform
two actions, each associated with a distinct outcome (R1 → O1; R2 → O2). There were six
trials in this stage, with both actions being reinforced on a ‘constant probability’ schedule.
Each second of the trial it was recorded if a response was made or not, with the probability of
a response producing reinforcement calculated through distinct conditional probabilities for
each action (p(OHighContingency | AHighContingency) = .2; p(OLowContingency | ALowContingency)
= .05). The length of each trial was 60s. Participants were asked ’How effective was tilting
the vending machine to get (M&Ms/BBQ Shapes)’, and were able to make a rating from 1
(Not at all) to 7 (Very effective). The action that was associated with the High Contingency
reinforcement schedule was counterbalanced across trials, such that both R1 and R2 were the
High Contingency response for three random trials across the test. Examining the differences
in responding between the High and Low Contingency responses, and their respective causal
ratings allows for both participants explicit awareness and behavioural sensitivities to the
efficacy of their actions to be assessed. The degree to which participants responded at a
higher rate on the High Contingency response, and rated the High Contingency response as
more causal reflects sensitivity to differences in the probability of reinforcement between the
two responses (i.e. p(OLowC | RLowC) vs. p(OHighC | RHighC)).
Pavlovian-Instrumental Transfer The Pavlovian-Instrumental transfer task was adapted
from the 3CS design first demonstrated by Corbit and Balleine (2005). This design allows
for the ability for Pavlovian cues to influence both action-selection, but separately influence
the rate of responding on an instrumental action. A summary of the task design is seen in
Table 2.1, and illustrated in Figure 2.2.
Instrumental Conditioning The first stage of the Pavlovian-Instrumental transfer
stage of the task was a stage of instrumental conditioning. In this stage, as in the Contingency
Variation task described in 2.2.1, two actions were paired with the two distinct outcomes.
However, in contrast to the Contingency Variation task, both actions were reinforced at
the same random-ratio 5 (RR5) schedule, such that on average five responses were required
for the reinforcer to be delivered. Importantly, as this stage continued on from the prior
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Table 2.1: Pavlovian-Instrumental transfer task design. After instrumental and Pav-
lovian conditioning stages, the influence of the trained Pavlovian stimuli on biasing action-
selection and influencing the rate of responding is assessed in the Transfer test.
Instrumental Training Pavlovian Conditioning Transfer Test
R1 → O1 S1 → O1 S1: R1 vs. R2
R2 → O2 S2 → O2 S2: R2 vs. R1
S3 → O3 S3: R?
S4 → ’EMPTY’ S4: R?
Note: R(Responses); S(Stimulus); O(Outcome) During S3/S4 presentations responses on
R1 and R2 were collapsed to calculate the rate of responding over both actions (R).
Comparing the vigor of responding between S3 and S4 allows for gPIT to be assessed.
Contingency Variation task, the outcomes that each action was associated with remained
consistent between contingency variation and this stage of instrumental conditioning. Both
actions were reinforced on a RR5, and continued until a total of 20 outcomes were earned.
Pavlovian Conditioning Following the instrumental conditioning there was a stage
of Pavlovian conditioning. In this stage three cues were paired with the delivery of three food
outcomes. Two of the outcomes (O1/O2) were the outcomes that participants had previously
learned could be earned by their instrumental actions, with the third food outcome (O3) not
being associated with any instrumental actions. The fourth Pavlovian stimulus was paired
with the word ‘EMPTY’, indicating that no outcomes were to be delivered. The identity of
the three outcomes, and importantly the identity of the outcome that was not associated with
any instrumental actions, was counterbalanced across participants. Learning of the Pavlovian
associations was assessed through multiple choice questions presented throughout this stage.
Within a block, each of the four stimulus-outcome pairings were presented randomly. After
each block of stimulus presentations a MCQ was presented. Participants were shown an image
of the vending machine with one of the four coloured lights presented on screen and asked
‘What snack will fall out?’. There were 12 blocks, such that each stimulus was presented a
total of 3 times. Each stimulus was presented for 3s, with the presentation of the outcome
onset 1s after the stimulus, for a total of 2s. The ITI in which the ‘unlit’ vending machine
but no Pavlovian stimuli were presented was 10s ± 5s.
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Transfer Test In the final and critical stage of the Pavlovian-Instrumental transfer task
is test of transfer. In this stage, participants were allowed to freely respond in the presence
and absence of the different Pavlovian stimuli. In contrast to the Corbit and Balleine (2005),
the transfer test was not preceded by a stage of instrumental extinction. Whilst no images
of the outcomes were presented during the transfer test, in order to prevent the complete
rapid extinction of responding in humans this task was presented as being completed under
nominal extinction. Participants were informed that although they would not be able to see
the outcomes they had earned, as they had in the previous conditioning stages, they would
still be earning outcomes that they would be able to exchange for real food snacks at the end
of the experiment.
During the test stage the four stimuli (S1, S2, S3, S4) were presented, with each stimulus
presentation separated by an ITI where the ‘unlit’ vending machine was shown. Each CS
was presented 7 times for 6s, with a variable ITI of 12 ± 2s. The bias in responding in
the presence of the cues associated with instrumentally available outcomes (S1, S2) indicates
specific transfer, and the difference in the rate of responding during the non-action associated
outcome paired cue (S3) and the non-reward paired cue (S4) demonstrates the expression of
general transfer and the ability for the motivational features of a CS to invigorate responding,
independent of any shared outcome representation.
?!
A! B! C!
Figure 2.2: The ‘vending machine’ pavlovian-instrumental transfer task A) Inst-
rumental Conditioning: Two responses are associated with the delivery of two distinct out-
comes. B) Pavlovian Conditioning: 3 coloured lights are associated with the delivery of three
distinct outcomes, one coloured light is associated with no outcomes delivered. C) Transfer
Test: Participants are able to respond in the presence and absence of the different Pavlovian
stimuli.
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Post-test Assessments After completing the behavioural tasks, participants were as-
sessed on their knowledge of the instrumental and Pavlovian contingencies learned during
training. Participants were asked six questions: two regarding the R-O contingencies learned
during instrumental training (e.g. ‘What snack was associated with the LEFT key?’), and
four regarding the relationship between the different Pavlovian stimuli and their associated
outcomes (e.g. ‘What snack was associated with the BLUE light?’).
Analysis
Contingency Variation The number of responses made on the High Contingency and
Low Contingency actions, the number of outcomes earned associated with those actions, and
their post-trial causal ratings were averaged across the six trials. Paired t-tests were used to
examine the influence of contingency on these measures.
Pavlovian-instrumental Transfer
Specific Transfer Responding across the two stimuli associated with the instrumen-
tally available outcomes (S1, S2) were collapsed across the two stimuli and averaged across
presentations. For each stimulus the action associated with the delivery of the outcome also
predicted by the stimulus present (i.e. R1 in S1; R2 in S2) were labeled as the Same response,
whereas the action associated with the delivery of the outcome not paired with the stimulus
was labeled as the Different response. A paired-sample t-test was used to compare the rate
of responding on the Same and Different action, to determine if these stimuli were able to
bias action-selection.
General Transfer Responding during the reward-paired S3 and non-reward paired S4
was collapsed across both actions, and averaged over stimulus presentations. A paired-sample
t-test was used to determine if the a stimulus associated with a rewarding outcome could
influence responding for reward independently of any shared associations between the action
and the outcome.
The average rate of responding in the baseline Pre-CS period was calculated by collapsing
responding over the two actions in the 6s prior to stimulus onset, and averaged across trials.
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Paired samples t-tests were used to compare responding in the presence of the specific and
general stimuli to the baseline level of responding.
2.2.2 Results
Hunger and Pleasantness Ratings
As seen in Table 2.2, at the start of testing participants were hungry, with the average hunger
rating 6.88 on a scale in which scores of 1 and 10 reflected least and most hunger respectively.
Additionally, all three outcomes experienced in this task were rated as pleasant, with average
pleasantness rating scores higher than then neutral rating of 4.
Table 2.2: Ratings of participant hunger and the pleasantness of the different outcomes
experienced in Experiment 1.
Hunger BBQ Shapes M&Ms Tiny Teddies
6.88 (SD :1.68) 5.36(SD :1.15) 5.92(SD : 1.31) 5.17(SD : 1.19)
Contingency Variation
As is seen in Figure 2.3, participants were sensitive to the reinforcement contingencies of the
different actions, with differences in the rate of responding (Figure 2.3A), outcomes earned
(Figure 2.3B), and causal ratings (Figure 2.3C) observed between the two responses. More
responses were made on the High Contingency action compared to the Low Contingency
action (paired-samples t-test; t(11) = 3.6533, p = .00379), with more High Contingency
outcomes earned (paired-samples t-test; t(11) = 8.354, p < .001). Importantly, the High
Contingency action was also rated as more effective in producing the outcome associated
with it than the Low contingency action (paired-samples t-test; t(11) = 7.646, p < .001).
Expected vs. Experienced Instrumental Contingencies An unexpected by-product
of the ‘constant probability’ reinforcement schedules used in the contingency variation task
is that, dependent on the response rate of the individual, the exact experienced contingencies
between the rate of instrumental responding and the rate of outcome delivery can vary. As
the probability of outcome-delivery in response to an action was calculated each second, if
participants responded at this rate or slower the experienced response-reinforcer contingencies
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Figure 2.3: Contingency Variation Participants were found to be sensitive to differences
in the reinforcement contingencies of their actions. Participants a) made more responses on
the High Contingency action , b) earned more High Contingency outcomes, c) and rated the
High Contingency action as more effective in producing its associated outcome compared to
the Low Contingency action. Error bars are ± SEM; ***: p < .001; **: p < .01
should be close to those programmed (i.e. p(OHighC | AHighC ) = .2; p(OLowC | ALowC) =
.05). However, as Figure 2.3A clearly highlights, over a 60s trial participants responded at
a higher rate than this. As additional responses per second do not influence the probability
of outcome delivery, this higher rate of responding results in a decrease in the experienced
contingency between the rate of responding and the rate of outcome-delivery. As can been
seen in Figure 2.4, the response-reinforcer contingencies experienced by participants was lower
than programmed for both the High and Low Contingency actions. For the High Contingency
action, rather than 1 in 5 responses producing outcome delivery, the experienced contingency
was approximately 1 in 17. For the Low Contingency action, rather than approximately 1
in 20 actions being reinforced, only 1 in 55 actions resulted in an outcome being delivered.
Despite these substantially lower contingencies for both actions, the differences in response
rates and causal ratings highlighted above demonstrates that participants were still sensitive
to differences in the rate of reinforcement, even with this more difficult discrimination.
Pavlovian-instrumental Transfer
Instrumental and Pavlovian Training Training of the instrumental and Pavlovian con-
tingencies proceeded uneventfully, with all participants correctly reporting the instrumental
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Figure 2.4: Reinforcement contingencies experienced by participants during the
contingency variation task. As the probabilities for the High and Low Contingency ac-
tions to be reinforced were calculated each second, participants responding more than once
per second resulted in experienced contingencies that diverged from the planned contingen-
cies. The overall reinforcement rate was much lower across both actions, resulting in a more
difficult discrimination between the High and Low Contingency actions. Error bars are ±
SEM.
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and Pavlovian contingencies. A positive but not significant correlation was found between
the participants preference in the pleasantness ratings of the two instrumentally available
outcomes and the preference of responding on the action associated with that outcome (r =
.499, p > .05), as is shown in Figure 2.5, with participants responding more on the action
associated with their preferred outcome.
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Figure 2.5: Instrumental action is consistent with outcome preference. Participants
outcome preferences based on their pleasantness ratings were reflected in their preference
for the action associated with that same outcome during instrumental training, however this
positive correlation did not reach significance.
The results from the Pavlovian-Instrumental transfer test, and the influence of Pavlovian
stimuli on instrumental responding, are seen in Figure 2.6.
Specific Transfer As seen in Figure 2.6A, we observed a significant specific transfer effect,
with the stimuli associated with instrumentally available outcomes (S1/S2) biasing action-
selection. In the presence of stimuli associated with the delivery of outcomes associated
with the instrumental actions a specific transfer effect was observed, with a higher rate of
responding on the action associated with the same outcome as the stimulus present (paired-
sample t-test; t(11) = 3.5238, p = .00476). Comparing responding on each action to the
baseline rate of responding, it is clear that this bias in action-selection is driven by the
stimuli selectively increasing the rate of responding on the ‘Same’ action above baseline
(paired-sample t-test; t(11) = 2.8407, p = .016), whilst responding on the ‘Different’ action
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Figure 2.6: Pavlovian-Instrumental transfer a) A significant specific transfer effect was
observed, with stimuli associated with instrumentally available outcomes selectively promot-
ing responding on the ‘Same’ action. b) A significant general transfer effect was observed,
with the rate of responding being higher in the presence of a reward-paired stimulus com-
pared to a non-reward paired stimulus. Error bars are ± SEM; ***: p < .001; **: p < .01;
*: p < .05
did not differ from the Pre-CS rate of responding (paired t-test; t(11) = -0.998, p > .05).
General Transfer Figure 2.6B illustrates the significant general transfer effect we ob-
served, with a higher rate of responding found in the presence of a reward-paired stimulus
compared to the stimulus that predicted an absence of reward (paired-sample t-test; t(11)
= 4.4608, p < .001). However, when comparing the rate of responding in the presence of
these two stimuli to the baseline rate of responding, this difference in response vigor appears
to be driven by the significant suppression of responding during the non-reward paired stim-
ulus (paired t-test; t(11) = -2.9519, p = .01316), whilst the rate of responding during the
reward-paired cue did not differ from baseline (paired-sample t-test; t(11) = 1.2885, p >
.05).
The Relationship Between Goal-directed Control and Pavlovian-instrumental
Transfer As described above, an unintended consequence of the reinforcement schedule
used in the contingency variation task was that the response-outcome contingencies could
vary dramatically between participants, dependent on their rate of responding. As the deliv-
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ery of reinforcers was on a pseudo-interval constant probability schedule, increasing responses
made during that interval results in a much weaker relationship between response and out-
come delivery. The differences between participants in their experienced contingencies during
the contingency variation task allowed for a post-hoc exploration of the relationship between
individual differences in experienced instrumental reinforcement during the contingency vari-
ation task and participants sensitivity to the influence of the Pavlovian stimuli on responding
during the transfer test.
Pearson correlations between the contingency on the high contingency action and the
expression of specific transfer (difference between the rates of responding on the ‘same’ and
‘different’ actions), general transfer (difference in the rate of responding during the reward-
paired stimulus and the non-reward paired stimulus), and baseline rate of responding during
the transfer test were performed (see Figure 2.7). No correlations were observed between the
differences in experienced contingency and the expression of specific transfer (Figure 2.7A; r =
.034, p > .05), or the rate of responding in the absence of Pavlovian stimuli during the transfer
test (Figure 2.7C; r = .035, p > .05). A trending negative correlation was observed between
experienced contingency and the expression of general transfer (Figure 2.7B; r = -.532, p
= .07), with participants who experienced a lower effectiveness of their responding during
the contingency transfer test expressing a greater sensitivity to the motivational features of
the Pavlovian stimuli during the transfer test. However, as this correlation did not reach
statistical significance, this relationship remains unclear.
2.2.3 Discussion
The aim of Experiment 1 was to replicate our prior studies (Morris et al., 2015; Quail et
al., 2017) demonstrating that specific and general transfer effects can be clearly and robustly
demonstrated within a single task. These results broadly replicate our prior research in
which a specific transfer effect - stimuli biasing action towards an action with which they
share a predictive outcome association, and a general transfer effect - that stimuli paired
with the delivery of reward elicit a higher rate of responding than stimuli associated with
the absence of reward. However, contrary to our expectations, the direction of this general
transfer effect relative to baseline was not driven by the reward-paired stimuli elevating
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Figure 2.7: Correlations between experienced probability of instrumental re-
inforcement (p(OHighC | AHighC)) and performance during the Pavlovian-
instrumental transfer task. No significant correlations were observed between the ex-
perienced probability of reinforcement on the high contingency action and the expression of
A) specific transfer or C) baseline responding during the transfer test. B) A trending nega-
tive correlation between the experienced probability of reinforcement and the expression of
general transfer was observed, with participants who experienced the lowest probability of
reinforcement during the contingency variation task expressing the greatest general transfer
effects.
the rate of responding, but rather by the non-reward paired stimuli suppressing responding
below baseline. Although the failure to observe the clear elevation of responding during
the reward-paired stimulus may stem from the smaller sample size used in this experiment,
the unexpected suppression of responding during the non-reward paired stimulus clearly
demonstrates inhibitory learning that had been previously unobserved even with a larger
sample size. These differences in the way in which general transfer is expressed relative to
baseline between experiments using the same task design and training protocols highlights
the importance and need for assessing baseline responding in addition to responding in the
presence of reward and non-reward paired stimuli in order to gain a complete understanding
of the nature of the general transfer effect observed in humans.
Generating and Revealing Inhibitory Conditioning
Despite our initial intentions and prior findings, which suggested that the non-reward paired
stimulus was a neutral control stimulus, in this experiment the non-reward paired stimulus
was able to suppress responding, suggesting that it may have acquired inhibitory strength.
As both the current experiment and the previous studies (Morris et al., 2015; Quail et al.,
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2017) used the same Pavlovian conditioning procedures, this difference in the expression of
general transfer does not seem likely to stem from differences in the acquisition of inhibitory
associations regarding the non-reward paired stimulus. Rather, as in Colagiuri and Lovibond
(2015), it appears that the same learning can be revealed and expressed dependent on task
and test parameters.
First, this inhibitory learning extends our understanding regarding the processes through
which inhibitory associations are able to be generated in humans. Whilst we did not intend
for our CS- to become inhibitory, in hindsight, the experimental conditions of our Pav-
lovian conditioning task could have been expected to generate this learning. It has been
demonstrated that establishing a negative contingency between a stimulus and the delivery
of reward such that the presence of the stimulus indicates that this outcome-delivery will
not occur, can generate Pavlovian conditioned inhibition. Thus, our conditioning procedure
may unintentionally have produced differential conditioning in which the 3CSs (S1, S2, S3)
predicted the delivery of various outcomes, and the fourth stimulus (S4) predicted the ab-
sence of outcomes, allowing participants to learn that its presence prevents the occurrence
of the outcomes they otherwise know are available in this stage. This is consistent with the
findings of Colagiuri and Lovibond (2015), that stimuli predicting the absence of outcomes
can acquire inhibitory strength, and supports their claim that the conditions in which this
can be revealed appear to be different from conditions conducive to detecting excitatory as-
sociations. This may explain why this approach is not generally considered as generating
inhibitors in addition to excitors.
Conditions that Influence the Expression of General Transfer
As discussed above, the expression of independent general transfer effects in humans has been
demonstrated to be difficult to observe in humans, and is more sensitive to task design and
parameters than the specific transfer effect. This experiment extends our understanding of
the conditions that can influence the expression of this. First, the baseline rate of responding
is important in the expression of general transfer. Comparing the baseline rate of responding
in this experiment to that in Quail et al. (2017) revealed that there was almost a doubling
in the rate of baseline responding in this experiment. This increase in baseline responding
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allowed for potential inhibitory learning about the CS- to be revealed. The difference in
responding during the CS+ and CS- was still observed, however without the appropriate
control cue, high baseline rates of responding may contribute to difficulties observing this
stimulus-driven elevation in responding in human tasks.
Additionally, our exploratory analyses between the instrumental contingencies partici-
pants experienced during the contingency sensitivity task suggests a trend in the negative
correlation between this contingency and the magnitude of the expression of general trans-
fer. That is, participants who experienced the lowest contingencies, and thus the weakest
relationship between their actions and reinforcement, may be more sensitive to the motiva-
tional features of reward. As this did not reach significance, our findings do not allow for
further claims regarding this relationship to be made, however this does appear to be broadly
consistent with the prior research (Wiltgen et al., 2012).
Conclusions
Our findings contribute to the limited research demonstrating the influence of general in-
hibitory stimuli on instrumental action, however the existing research has only been able to
observe either excitatory or inhibitory influences on action. The ability to detect both exci-
tatory and inhibitory effects on instrumental action within a single-group would help clarify
that these effects are truly opposing, and that conditioned inhibitors are able to produce
mirrored effects of conditioned excitors.
Furthermore, whilst our exploratory analyses between individual differences in experi-
enced contingency and the expression of transfer appear to suggest a relationship between
these measures, this did not reach statistical significance, and as this was a very small sample,
should be interpreted with caution. Attempting to replicate these effects in a confirmatory
analysis with a larger sample size should be performed to determine if experienced inst-
rumental contingencies are a reliable enough proxy for instrumental control and goal-directed
sensitivity to be used to probe relationships between this measure and the expression of trans-
fer in humans.
Comparing this experiment to our prior research, although the PIT training and test
remained the same, in this experiment participants completed a contingency sensitivity task
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before the PIT task. Although the action-outcome relationships were kept constant across
both stages of the experiment (i.e. R1 produced O1 in both tasks, and the identity of O1 was
kept constant within participants) the extended training may have contributed to the high
baseline responding we observed in this experiment. In particular, due to the code deter-
mining instrumental reinforcement during the contingency sensitivity task, the intended and
experienced contingencies diverged dramatically, with participants experiencing much lower
contingencies than programmed. Addressing this error, such that there in the contingency
sensitivity tasks the High and Low contingencies still differed, but that participants did not
experience the very low contingencies, may decrease the perseverance of responding in the
absence of stimuli that we observed in this study.
2.3 Experiment 2
Experiment 1 was broadly able to demonstrate separate specific and general transfer effects
using our 3CS task design, however the expression of general transfer was not in the direc-
tion that we expected. We therefore aimed to replicate the findings from Quail et al. (2017),
that a stimulus paired with a non-instrumentally available reward is able to invigorate re-
sponding above baseline. As the findings from Experiment 1 suggest, our Pavlovian training
procedures generate a non-reward paired stimulus that appears to have inhibitory strength. A
similar pattern of responding was observed in Colagiuri and Lovibond (2015), however the
development of inhibitory Pavlovian stimuli and their influence on action in humans is still
an area of little research. Therefore we also aimed to replicate our findings from Experi-
ment 1 and demonstrate that pairing a stimulus with the absence of reward is sufficient to
generate inhibitory strength, and that a general transfer effect with both stimuli that elevate
and suppress responding relative to baseline can be observed. As baseline responding appears
important in the general transfer effect we revealed, we intended to decrease the baseline rate
of responding through using ratio rather than ‘constant probability’ reinforcement schedules
in the contingency variation task. Furthermore, examining the relationship between the inst-
rumental contingencies participants experienced and their expression of transfer appeared to
provide early evidence that lower experienced contingencies left participants more sensitive to
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the motivational influence of Pavlovian stimuli. Thus our final aim was to use a larger sam-
ple size to attempt to replicate this effect, so as to extend our understanding of the expression
of general transfer and the conditions and under which it can be observed.
2.3.1 Method
Participants
20 participants (10 females) were recruited from the community with a mean age of 28.85 (SD
= 10.33). Participants had normal or corrected to normal vision, and were reimbursed for
their time with gift vouchers. All participants provided written informed consent according
to the approval requirements of the Human Research Ethics Committee of the university of
Sydney.
Stimuli and Materials
The same material were used outlined in Section 2.2.1.
Procedure
The procedure for Experiment 2 followed that outlined in Section 2.2.1. Contingency varia-
tion was performed as outlined in Section 2.2.1, however random ratio reinforcement schedules
were used for the High (RR5) and Low (RR20) Contingency actions. The same Pavlovian-
instrumental transfer procedure as outlined in Section 2.2.1 was used.
Analysis
The analyses for the contingency variation and Pavlovian-instrumental transfer were per-
formed as outlined in Section 2.2.1.
2.3.2 Results
Hunger and Pleasantness Ratings
The self-reported hunger and outcome pleasantness ratings are shown in Table 3. As in
Experiment 1, participants were moderately hungry at the start of testing, with average
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hunger scores of 6.95 on a scale from 1-10 in which a score of 10 reflected the most hunger.
All food outcomes were rated as pleasant, with pleasantness ratings higher than the neutral
score of 4.
Table 2.3: Ratings of participant hunger and the pleasantness of the different outcomes
experienced in Experiment 2.
Hunger BBQ Shapes M&Ms Tiny Teddies
6.95 (SD : 1.70) 5.35(SD : 1.27) 6.2(SD : 0.89) 5.25(SD : 1.29)
Contingency Variation
Results from the Contingency Variation task are shown in Figure 2.8, with the significant
differences in response rate (Figure 2.8A), outcomes earned (Figure 2.8B), and causal ratings
(Figure 2.8C) between the two actions demonstrating that participants are sensitive to differ-
ences in instrumental reinforcement rates. Participants were found to make more responses
on the action reinforced at a High contingency compared to the Low contingency action
(paired-samples t-test; t(19) = 3.0302, p = .006885), earned more outcomes associated with
the High contingency action (paired-samples t-test; t(19) = 11.028, p < .001). Importantly
participants were aware of these differences in contingency, rating the High contingency ac-
tion as more effective in producing its associated outcome than the Low contingency action
(paired-samples t-test; t(19) = 13.19, p < .001). As seen in Figure 2.9, the use of a ran-
dom ratio schedule in this experiment resulted in participants experiencing reinforcement
probabilities on the High and Low Contingency actions close to the probabilities that were
programmed (i.e. p(OHighC | RHighC) = .2, p(OLowC | RLowC) = .05).
Pavlovian-instrumental Transfer
Results from the Pavlovian-Instrumental transfer test are seen in Figure 2.11.
Instrumental and Pavlovian Training Instrumental and Pavlovian training proceeded
without incident, with all participants correctly reporting the instrumental and Pavlovian
contingencies. As in Experiment 1, we examined if participants responding during inst-
rumental conditioning was associated with instrumental outcome preferences (see Figure
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Figure 2.8: Contingency Variation: Participants were sensitive to differences in the rate
of reinforcement, a) making more responses associated with the High Contingency response,
b) earning more outcomes associated with that action, and c) rating the High Contingency
action as more causal than the Low Contingency action. Error bars are ± SEM; *** p <
.001; ** p < .01
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Figure 2.9: Average experienced instrumental reinforcement during the contin-
gency variation task in Experiment 2. The use of a random ratio reinforcement sched-
ules resulted in experienced reinforcement of the High and Low Contingency actions close to
the reinforcement rates programmed. Error bars are ± SEM.
2.10). A positive correlation between the bias in instrumental responding and outcome pref-
erence was found (r = .617, p = .004), such that participants with a greater preference for one
of the instrumentally available outcomes made more responses associated with that outcome
during instrumental conditioning.
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Figure 2.10: Outcome preference is correlated with instrumental choice. Partici-
pants subjective preference for one of the instrumentally available outcomes was associated
with a bias in responding for the action associated with the preferred outcome.
Specific Transfer The significant expression of specific transfer we were able to observe is
seen in Figure 2.11A, with Pavlovian stimuli able to bias action-selection in our participants.
In the presence of stimuli associated with the delivery of instrumentally available actions,
we again saw a significant specific transfer effect, with these stimuli biasing action towards
that associated with the same outcome (paired-sample t-test; t(19) = 3.4345, p = .002778).
As found in Experiment 1, this bias in action-selection was driven by a selective promotion
of responding on the ‘Same’ action above baseline (paired-sample t-test; t(19) = 5.099, p <
.001), whilst responding on the ‘Different’ action did not differ from baseline (paired-samples
t-test; t(19) = .27097, p > .05).
General Transfer Again, consistent with Experiment 1, a significant general transfer ef-
fect was observed, as seen in Figure 2.11B, with Pavlovian stimuli predicting the delivery
and absence of reward able to influence the vigor of instrumental responding. Participants
responded at a higher rate during the reward-paired stimulus compared to the non-reward
paired stimulus (paired-sample t-test; t(19) = 6.7136, p < .001). Contrary to our previous re-
sults, the general transfer effect was driven by both the reward-paired stimulus non-selectively
increasing responding above the baseline rate of responding (paired-sample t-test; t(19) =
3.956, p < .001) and a general suppression of responding during the non-reward paired stim-
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ulus (paired-sample t-test; t(19) = -3.1871, p = .004852).
0
5
10
Same Different Baseline
R
es
po
ns
es
 / 
6s
0
2
4
6
CS+ CS− Baseline
R
es
po
ns
es
 / 
6s
A B** *** *** ***
**
Figure 2.11: Pavlovian-Instrumental transfer: A) A significant effect of specific transfer
was found, with stimuli biasing action-selection towards the action with a shared outcome
association. B) General transfer was observed, with a reward-paired stimulus elevating re-
sponding above baseline on unrelated actions, and the non-reward paired stimulus suppressing
responding. Error bars are ± SEM; *** p < .001; ** p < .01
Relationship Between Goal-directed Control and the Expression of Pavlovian-
instrumental Transfer
The same correlations between the contingencies participants experienced on the High re-
warded action during the contingency variation task, and their instrumental responding
during the Pavlovian-Instrumental transfer test were performed (Figure 2.12). We found
a trending but non-significant positive correlation between experienced contingencies and
the expression of specific transfer (Figure 2.12A; r = .396, p = .08), with participants who
experienced stronger relationships between the actions they made and the reinforcers they
delivered showing a stronger bias in action-selection in the presence of Pavlovian stimuli.
Additionally, no relationships were found between experienced contingencies and the expres-
sion of general transfer (Figure 2.12B; r = -.279, p > .05) or the rate of responding in the
absence of Pavlovian stimuli (Figure 2.12C; r = -.157, p > .05).
56 CHAPTER 2.
A B C
Figure 2.12: Correlations between experienced probability of reinforcement during
contingency variation and performance during the Pavlovian-instrumental trans-
fer task. No significant correlations between the experienced probability of reinforcement
during contingency variation and the expression of A) specific transfer, B) general transfer,
and C) baseline rate of responding during the transfer test were observed
2.3.3 Discussion
The main finding of this experiment was that general transfer can be expressed through both
an elevation of responding by a reward-paired stimulus and suppression of responding by the
non-reward paired stimulus across our participants generally. Unlike Colagiuri and Lovibond
(2015), in which the excitatory and inhibitory effects of general transfer were only observed
separately, these findings were able to demonstrate the opposing effects of excitatory and
inhibitory stimuli on response vigor in the same subjects.
Revealing Excitatory and Inhibitory Conditioning
These findings confirm our results from Experiment 1, that our differential conditioning
procedure, in which our non-reward paired stimulus predicts the absence of outcomes that
are otherwise likely to be delivered, is able to generate a stimulus that suppresses baseline
responding in a manner that suggests that it has acquired inhibitory strength. Furthermore,
the baseline rate of responding we observed in this experiment, and in Experiment 1, suggest
that the suppression of responding we observed was not due to differences in learning between
these experiments and Quail et al. (2017), but rather due to differences in the ability to
detect potential suppression. Our changes to the reinforcement schedule in the contingency
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sensitivity task appeared to have the desired effect of decreasing perseveration in the absence
of stimuli during the transfer test, with baseline responding during this experiment lower
than Experiment 1. However, in both experiments the baseline rate of responding was higher
than that observed in Quail et al. (2017). Similarly, the elevation of responding we were
able to observe in the presence of the reward-paired stimulus in this experiment does not
suggest that there were differences in the acquisition of the motivational associations of the
Pavlovian stimuli, but rather that with a lower baseline rate of responding we were able to
detect the influence of this learning.
Experienced Contingencies and Transfer Expression
Despite the experienced instrumental contingencies appearing to be a promising proxy for
instrumental control in Experiment 1, no significant correlations were observed between the
contingencies participants experienced in the contingency sensitivity task and their later ex-
pression of transfer. This may reflect the differences between experiments in the scale of the
contingencies experienced. In Experiment 1, as there was an interval schedule determining
responding, the contingencies could vary dramatically between participants, but were also
significantly lower than those experienced under the ratio reinforcement schedules of this
experiment. However, this may also suggest that with the sample sizes used in these exper-
iments this approach to exploiting between-subjects variance in instrumental control does
not have the appropriate sensitivity to clearly reflect differences in sensitivity to stimulus
promoted action.
2.4 Baseline and Transfer Expression
As discussed above, one of the advantages of the task design used in these experiments is
that it is able to demonstrate specific and general transfer effects relative to baseline. This
stimulus promoted change is clearly important in interpreting the transfer effects, and as these
experiments have shown, the baseline rate of responding can influence the ability for the effect
of learned associations to be observed. The differences that we observed from our previous
work (Morris et al., 2015; Quail et al., 2017) regarding the direction of the general transfer
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effect, and the inhibitory properties of the non-reward paired stimulus, appear to be driven
by differences in the baseline rate of responding between studies. However, the inclusion
of contingency variation tasks, and our lack of directly manipulating baseline responding,
suggest potential alternate explanations for this effect. Therefore, we aimed to more clearly
probe the influence of baseline and expression of transfer through conducting a split-baseline
analysis of the transfer effects observed in the same manner as Colagiuri and Lovibond
(2015). This approach not only will allow for the relationship between baseline responding
and the ability to detect inhibitory learning regarding the non-reward paired stimulus, it
will also extend the findings of Colagiuri and Lovibond (2015) by distinguishing between the
influence of baseline of specific and general transfer effects independently.
2.4.1 Reanalysis Based on Baseline Rates of Responding
Experiment 1
A median split was used to split participants into Low Baseline (n = 6) and High Baseline
(n = 6) subgroups. The average rate of responding for the Low Baseline group was .402 re-
sponses/s, with the High Baseline group responding at an average of 1.703 responses /s. As
illustrated in Figure 2.13, when participants were split into High and Low Baseline responders
based on a median split of their Pre-CS rate of responding different patterns of responding in
the subgroups were observed. Responding during the assessment of general transfer signifi-
cantly differed between the two subgroups (Baseline Subgroup x Stimulus; F(2,20) = 4.29, p
= .029). Significant gPIT effects were observed for both the Low Responders (Figure 2.13B:
paired t-test; t(5) = 3.203, p = .024) and High Responders (Figure 2.13D: paired t-test; t(5)
= 2.867, p = .035), with higher rates of responding observed in the presence of the reward-
paired stimulus. However, in the Low responders this difference was driven by an elevation
of responding during the reward-paired stimulus compared to baseline (paired t-test; t(5)
= 2.619, p = .047), whilst responding during the non-reward stimulus did not differ from
baseline (paired t-test; t(5) = -1.423, p > .05). In contrast, in the High Responders subgroup
of participants, the general transfer effect was driven by a suppression of responding during
the non-reward paired stimulus (paired t-test; t(5) = -3.9474, p = .011), whilst responding
during the reward-paired stimulus did not differ from baseline (paired t-test; t(5) = -0.548,
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p > .05).
No significant interaction between baseline group and responding during the assessment
of sPIT was observed (Baseline Group x Stimulus; F(2,20) = 1.81, p > .05), and when
examining the expression of sPIT in the High and Low responder subgroups, however, only
found a significant effect of specific transfer in the Low Baseline group (Figure 2.13A: paired
t-test; t(5) = 3.901, p = .0114). The High Baseline group did not find a significant difference
between responding on the Same and Different actions (Figure 2.13C: paired t-test; t(5) =
1.658, p > .05). In the Low Baseline subgroup, the specific transfer effect was driven by a
significant increase in the rate of responding on the Same action from baseline (paired t-test;
t(5) = 4.302, p = .0077), whilst responding on the Different action did not differ from baseline
(paired t-test; t(5) = .324, p > .05). In the High Baseline group, the rate of responding
on the same and different actions increased and decreased from baseline respectively, these
differences were not found to be significant.
Experiment 2
As above, using a median split participants were divided into Low Baseline (n = 10) and High
Baseline (n = 10) subgroups. The Low Baseline subgroup responded at an average baseline
rate of .065 responses/s, whereas the High Baseline subgroup responded at an average rate of
1.202 responses/s. Despite the mean baseline rate of responding being lower in Experiment
2, when participants were split into High and Low responders, the same pattern of results
as in Experiment 1 was observed (see Figure 2.14). A significant difference in the pattern
of responding during the general transfer stimuli was observed between the two subgroups
(Baseline Subgroup x Stimulus; F(2,36) = 4.934, p = .0128). Both High and Low Responders
showed a greater rate of responding during the reward-paired stimuli compared to the non-
reward paired stimuli (Figure 2.14B: Low Responders; t(9) = 4.771, p = .001; Figure 2.14D:
High Responders; t(9) = 4.4803, p = .002). In the Low Responders subgroup this difference
was driven by an elevation of responding above baseline during the reward-paired stimulus
(paired t-test; t(9) = 4.381, p = .002), whilst responding during the non-reward paired
stimulus did not change from baseline (paired t-test; t(9) = -0.601, p > .05). In the High
Responders subgroup, the difference was driven by a suppression of responding from baseline
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Figure 2.13: Expression of Pavlovian-instrumental transfer in different baseline
subgroups in Experiment 1. Participants with a low baseline rate of responding displayed
significant A) specific and B) general transfer effects, driven by the elevation of responding
above baseline. Participants with high baseline rates of responding C) did not show a clear
specific transfer effect however D) the significant general transfer effect was driven by a
suppression of responding during the CS-. Error bars are ± SEM; ** p < .01; * p < .05
during the non-reward paired stimuli (paired t-test; t(9) = -4.27, p = .002), whilst responding
during the reward-paired stimulus did not differ from baseline (paired t-test; t(9) = 1.6296,
p > .05).
As in Experiment 1, the results regarding specific transfer in the Baseline subgroups was
less clear, with no significant interaction found between Baseline subgroup and responding
during the assessment of specific transfer (Baseline Subgroup x Stimulus; F(2, 36) = 2.706,
p > .05). In the Low Baseline group, there was no significant difference in responding
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between the Same and Different actions (Figure 2.14A: paired t-test; t(9) = 1.596, p > .05),
whilst a significant effect was found in the High Baseline group (Figure 2.14C: paired t-test;
t(9) = 3.286, p = .009). In the Low Baseline group, the responding on the Same action was
significantly elevated above baseline (paired t-test; t(9) = 4.167, p = .002), whilst responding
on the Different action did not differ from baseline (paired t-test; t(9) = 2.107, p > .05). In
the High Baseline group, there was an increase in Same responding above baseline (paired t-
test; t(9) = 3.0258, p = .014) as well as significant suppression of responding on the Different
action (paired t-test; t(9) = -2.357, p = .043).
Combined Results
Following the approach of Colagiuri and Lovibond (2015), we combined responding over
both experiments to determine if this relationship holds. The same median split approach
as in the experiments above was used, resulting in Low Baseline (n = 16) and High Baseline
(n= 16) subgroups with average baseline rates of responding of .107 and 1.474 responses/s
respectively. As illustrated in Figure 2.15, the same distinction between High and Low
Responder groups was observed. The pattern of responding during the assessment of general
transfer differed between Baseline subgroups (Baseline Subgroup x Stimulus; F(2, 60) =
17.54, p < .001). Significant effects of general transfer were observed in the Low Baseline
(Figure 2.15B; t(15) = 7.653, p < .001) and High Baseline (Figure 2.15D; t(15) = 3.385, p
= .004) subgroups. In the Low Baseline group, this difference was driven by an elevation of
responding during the CS+ compared to baseline (paired t-test; t(15) = 6.893, p < .001),
whereas responding during the CS- did not differ from baseline (paired t-test; t(15) = -1.911,
p > .05). In contrast, in the High Baseline subgroup, the general transfer effect was driven
by a suppression of responding during the CS- relative to baseline (paired t-test; t(15) =
-5.627, p < .001) whereas responding in the presence of the CS+ did not differ from baseline
(paired t-test; t(15) = -0.332, p > .05).
Examining the specific transfer effects in the baseline subgroups revealed significant dif-
ferences in the rate of responding between the two baseline subgroups during the assessment
of specific transfer (Baseline Subgroup x Stimulus; F(2,60) = 4.876, p = .011). Significant
specific transfer effects were observed in both Low (Figure 2.15A; t(15) = 3.314, p = .0047)
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Figure 2.14: Specific and general transfer expression in the High and Low Baseline
responding subgroups in Experiment 2. A) Participants in the Low Baseline subgroup
did not show a significant specific transfer effect, although responding on the Same action
was significantly elevated above baseline. B) As in Experiment 1, the Low Baseline subgroup
displayed a significant general transfer effect, driven by an elevation of responding above
baseline by the CS+. C) A significant specific transfer effect is observed in the High Baseline
subgroup. D) In contrast to the Low Baseline subgroup, the significant general transfer effect
observed in the High Baseline subgroup is driven by the suppression of responding in the
presence of the CS-. Error bars are ± SEM; *** p < .001; ** p < .01; * p < .05
and High (Figure 2.15C; t(15) = 3.385, p = .0041) Baseline subgroups. In the Low Baseline
subgroup, this was driven by a significant elevation of responding on the Same action com-
pared to baseline (paired t-test; t(15) = 6.6815, p < .001) in addition, a significant elevation
of Different responding above baseline (t(15) = 2.26, p = .0391). In the High Baseline sub-
group, there was also a significant elevation of responding on the rate of responding for the
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Same action (paired t-test; t(15) = 2.281, p = .02) and suppression of responding on the
Different action below baseline (paired t-test; t(15) = -3.399, p = .00397).
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Figure 2.15: Specific and general transfer effects in High and Low Baseline respon-
ders combined across Experiments 1 and 2. A,B) The pattern of specific and general
transfer expression previously observed in the Low Responder subgroup was maintained in
the combined analysis, with general transfer driven by the elevation in responding during the
CS+. C,D) The combined High Baseline subgroup also demonstrated the same pattern of
specific and general transfer effects observed in each experiment separately, with the general
transfer effect driven by a suppression in the rate of responding from baseline seen in the
presence of the CS-. Error bars are ± SEM; *** p < .001; ** p < .01; * p < .05
64 CHAPTER 2.
2.4.2 Discussion
Across both experiments, both separately and together, High and Low Baseline responding
subgroups were found to have significantly different patterns of transfer expression. Re-
garding the general transfer effects, we were able to observe the same pattern of results as
Colagiuri and Lovibond (2015), in which responding at a low baseline allowed for the exci-
tatory motivational effects to be revealed through an elevation of responding in the presence
of the reward-paired stimulus, whereas responding in the presence of the non-reward paired
stimulus did not differ from baseline. Interestingly, a different pattern of responding regard-
ing the expression of specific transfer was observed in the two baseline groups. Both High
and Low Baseline responding subgroups elevated the rate of responding on the Same action
above baseline, however responding on the Different action relative to baseline differed be-
tween subgroups. The High Baseline subgroup significantly suppressed Different responding
below baseline, as would be expected. Unexpectedly, in the Low Baseline subgroup the rate of
responding on the Different action was significantly elevated above baseline. These divergent
patterns of responding relative to baseline highlights again the importance of distinguishing
between specific and general transfer effects. A problem, however, in interpreting the specific
transfer results in the High Baseline subgroup is the confound of response competition. As
participants are only able to make one response at a time, in the High Baseline group the
suppression of Different responding may allow for an increase in the rate of Same responding,
rather than elevating responding per-se.
2.5 General Discussion
Using a task adapted from the animal literature, we were able to demonstrate robust and
independent specific and general transfer effects, and how these stimuli influence responding
from an active baseline. However, despite the difference in responding during reward and
non-reward paired stimuli, our initial failure to replicate the invigorating effects of the reward-
paired stimulus is consistent with previous research suggesting that the independent general
transfer effect is the more difficult and sensitive effect to establish in humans (Lewis et al.,
2013; Nadler et al., 2011; Watson et al., 2014). However, our findings regarding the influence
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of baseline suggest that some of these difficulties may stem not from an inability of humans
to appropriately associate the motivational features of reward with stimuli, but rather test
conditions that may not be sufficient to observe that learning.
2.5.1 Inhibitory Pavlovian Stimuli can Influence Instrumental Action
An important novel finding of these experiments is the ability for a stimulus paired with no
outcome delivery to gain inhibitory strength, and influence instrumental action. Although
this inhibitory conditioning was not intended, it is consistent with studies such as Karazinov
and Boakes (2004) that have demonstrated that stimuli predicting the absence of outcome
can gain inhibitory strength if participants are experiencing the delivery of reward associated
with alternate stimuli during training.
In addition to demonstrating that in this task design participants appear to treat a
stimulus predicting the absence of outcome as a preventative relationship, these findings
expand our limited understanding of the influence of inhibitory stimuli on the expression
of Pavlovian-instrumental transfer in humans. Research assessing Pavlovian-instrumental
transfer in humans has predominantly focused on appetitive excitatory stimuli, and their
influence on action-selection and response vigor. There has been some research assessing
the influence of aversive stimuli on avoidance responding (Lewis et al., 2013), however there
has been little examining the acquisition and influence of stimuli preventing the delivery
of appetitive outcomes. Our findings suggest that stimuli predicting the general absence
of reward produce similar but opposing effects on response vigor, and that these mirroring
effects can be observed within a single task, as in Experiment 2.
2.5.2 Baseline Responding and the Expression of Transfer
Despite using the same training and testing procedures for the Pavlovian-instrumental trans-
fer test as in Quail et al. (2017), the experiments in this chapter revealed an influence of
the non-reward paired stimulus on the rate of responding. Rather than reflecting differences
in learning about the associative nature of the non-reward paired stimulus between studies,
this newly observed suppression of responding is driven by changes in the baseline rate of re-
sponding allowing for these effects to be revealed. That this difference in the direction of the
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general transfer effects relative to baseline were not driven by the the inclusion of additional
tasks in the testing session was supported by our split-baseline analyses. In both experiments,
and when all participants were combined, participants who responded at a low rate during
baseline displayed the elevation of responding during the reward-paired stimulus compared
to baseline, whereas the non-reward paired stimulus did not - a pattern of responding we
have previously observed (Quail et al., 2017), and that is consistent with the animal litera-
ture (Corbit & Balleine, 2005). In contrast, participants who responded at a higher baseline
rate only demonstrated suppression of responding during the non-reward paired stimulus,
whilst responding during the reward-paired stimulus did not differ from baseline. These dis-
tinct patterns associated with baseline are consistent with Colagiuri and Lovibond (2015)
but clarify that this effect of baseline is associated with the expression of general transfer, a
distinction that was unclear with the ‘simple transfer’ task design previously used.
As discussed earlier, the different demands of human and rodent testing tend to promote
higher baseline responding in humans, due to procedures that attempt to maintain responding
on a free-response task across the length of the test session. The influence of baseline has been
clearly established, and therefore conclusions regarding the influence of Pavlovian stimuli on
action in humans should be sensitive to the implications of these findings on comparing the
expression of transfer effects between rodents and humans, and that an inability to observe a
stimulus promoting change relative to baseline does not necessarily reflect a lack of acquisition
or use of those Pavlovian associations.
2.5.3 Limitations & Future Directions
The development of inhibitory conditioning to our non-reward paired stimulus appeared con-
vincing and consistent, however the non-reward outcome used in these experiments may be
problematic when generating inhibitory associations. Rather than participants directly ex-
periencing the absence of outcome, as in the traditional Pavlovian conditioning procedures
used in animals and in some human conditioning tasks (e.g. Colagiuri and Lovibond (2015);
Lovibond and Colagiuri (2013)), or being informed that an outcome did not occur, as in
the causal learning tasks also used in humans (e.g. Karazinov and Boakes (2004)), our
non-reward paired stimulus was paired with the word ’EMPTY’, signaling that the vending
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machine was empty. This outcome is less ambiguous than other non-reward outcomes, as it
removes any potential of the stimulus predicting an outcome in the future. This may also pro-
mote propositional learning, suggesting that the suppression of responding we observed may
have been driven by rule-based responding rather than through any inhibitory motivational
associations. Future studies could expand on these initial findings that suggest inhibitory
stimuli can be generated through the non-delivery of reward and examine if inhibitory stimuli
trained in a more traditional procedure can produce the same suppression in responding as
observed in this current design.
Furthermore, our ability to detect opposing effects on response vigor driven by general
excitatory and inhibitory stimuli suggest that humans are able to learn about the absence
of reward and use this information similarly to learning about the delivery of reward. As
we have also demonstrated an ability to generate and detect excitatory specific transfer,
extending these findings to examine if humans are able to learn about the absence of specific
outcomes in a similar manner to the outcome-specific excitatory conditioning, and whether
these associations are able to produce opposing effects on the specific transfer effect as they
appear to for the expression of general transfer.
2.5.4 Conclusion
In conclusion, using a free-response task adapted from the animal literature, we were able
to generate robust outcome-specific and general transfer effects in humans. Furthermore, we
were able to extend our understanding regarding the expression of general transfer, demon-
strating that stimuli predicting the delivery and absence of reward are able to influence the
vigor of responding - both elevating and suppressing this responding relative to baseline in
a measure of independent general transfer. These findings suggest a role of inhibition in
the expression of transfer, and that this task design may be particularly suited to detecting
these effects. These findings highlight the complexity of stimulus-driven action in humans,
and the conditions under which they are expressed. By understanding the ways in which the
prediction of the delivery and absence of outcomes can influence our action, we can begin to
generate clearer implications of dysfunction associated with these processes in both everyday
and maladaptive behaviour.
Chapter 3
Inhibitory Pavlovian-Instrumental
Transfer
3.1 Introduction
As has been demonstrated clearly in Chapter 2, the outcome-specific and general motiva-
tional features of Pavlovian stimuli produce distinct influences on instrumental action, and
can be separately assessed in humans. Additionally, these experiments provided evidence
that inhibitory learning is able to be generated in humans, and that it can influence action
similarly to excitatory learning. These findings join the emerging and increasing body of
research that demonstrates that Pavlovian stimuli are able to influence instrumental action
in similar manners across species. Although these effects can be clearly observed there is
still substantial debate, in both the rodent and human literature, regarding the associative
mechanism through which these effects are produced.
3.1.1 Associative Theories of PIT
As outlined in more detail in Chapter 1, a number of theories have been proposed to explain
how a stimulus predicting the delivery of reward is able to influence performance on a sepa-
rately trained instrumental action, without any prior experience or reinforcement regarding
the relationship between these two kinds of associations. One theory that has been proposed
is the S:R-O theory, which suggests that through associations that develop between the in-
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ternal representation of the stimulus and the performance of the instrumental action during
training, the Pavlovian stimulus is able to act as a discriminative stimulus in the transfer
test. That is, the presence of the stimulus during the transfer test signals an increased like-
lihood of the instrumental action being reinforced. Another prominent and popular theory
that has been proposed is the S-O-R theory of Pavlovian-instrumental transfer (Balleine &
Ostlund, 2007). This theory suggests that the expression of specific transfer is driven by an
integration of the instrumental and Pavlovian associations that occurs at the point of the
transfer test. That is, the presentation of a stimulus at test evokes a representation of the
specific outcome it had been paired with during training (S-O), and through the associations
between the response and the outcome it produces (R-O), and the backwards association
between the outcome and that action (O-R), the stimulus is able to promote responding on
the action through which is shares a specific outcome association (S-O/O-R).
Both the S:R-O and the S-O-R theories of Pavlovian-instrumental transfer are able to
explain, and make similar predictions, about the ability for Pavlovian stimuli to promote
the standard excitatory specific transfer effect, both theories struggle in different ways to
explain the effect of a variety of training and outcome manipulations on the expression of
transfer. The S:R-O theory does not adequately predict the resistance of the specific transfer
effects to instrumental contingency and value manipulations (Holland, 2004; Rescorla, 1992),
whereas the S-O-R theory struggles to predict the ability for non-excitatory Pavlovian stimuli
to produce specific transfer effects.
Inhibitory Pavlovian-instrumental Transfer
One procedure that has allowed for the associative mechanism of Pavlovian-instrumental
transfer to be probed is through examining the influence of outcome-specific inhibitory stimuli
on the expression of specific transfer. A few studies in rodents have demonstrated that
outcome-specific inhibitors - that is, stimuli that have been trained to predict the absence of a
specific outcome, rather than the absence of outcomes more generally, are able to bias action-
selection in a transfer test. Importantly, this bias in in the opposite direction to that elicited
by outcome-specific excitatory stimuli. Delamater, LoLordo, and Sosa (2003) observed this
outcome-specific inhibitory transfer as a selective suppression of responding on the action
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associated with the outcome the stimulus predicted the absence of. Interestingly, a recent
series of experiment has replicated the bias that outcome specific stimuli are able to produce,
however the direction of this effect relative to baseline differed (Laurent & Balleine, 2015;
Laurent, Wong, & Balleine, 2015). In these studies, stimuli predicting the absence of a specific
outcome not only shifted responding away from the action associated with the outcome
signaled absent, these stimuli were able to elevate responding on the action associated with
the alternate outcome above baseline. This elevation of responding is particularly important,
as it is not able to be explained through either of the current explanations for the mechanism
driving the expression of specific transfer. In particular, the S-O-R theory as it is traditionally
understood does not predict this pattern of responding. As the outcome-specific inhibitor
and the action that it (Laurent & Balleine, 2015) observed it to promote were not associated
with the same outcome, they lack the shared internal representation of a specific outcome
that the S-O-R mechanism proposes allows for the bias in action-selection.
Inhibitory Action-Outcome Associations
To address this limitation of the S-O-R theory, Laurent and Balleine (2015) proposed the
addition of inhibitory action-outcome associations. The authors argue that the pattern of
results that they observed would be consistent with predictions made by the S-O-R theory if
in addition to the excitatory action-outcome associations described above, inhibitory action-
outcome associations are also acquired between an action and the outcome the action does
not produce. Traditional theories of reinforcement learning, and more recent computational
models of this (Daw, Niv, & Dayan, 2005), only consider the development of excitatory
associations, and it is only the strength of these excitatory associations that are considered
in the decision-making process. However, the ability for instrumental action to be maintained
on an avoidance schedule, where an action is driven by its association with the absence of an
outcome (Rescorla & Lolordo, 1965; Solomon & Wynne, 1953), indicates that the acquisition
and use of instrumental associations is more complex than the mere involvement of excitatory
associations. Therefore, particularly in single action instrumental training paradigms where
only one action is able to be made at a time, it is probable that in addition to learning
that an action predicts the delivery of a specific outcome, differential conditioning could
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occur such that inhibitory associations are also developed. That is - a particular action
becomes associated with the absence of the outcome it does not produce. Evidence for these
parallel R1- O1/R1 - noO2 associations may have been difficult to assess to date, as tasks in
which excitatory and inhibitory action-outcome associations are used to produce divergent
outcomes are relatively rare.
3.1.2 Inhibitory Pavlovian Stimuli
In addition to predicting the delivery of outcomes, stimuli can also be trained to predict
the absence of outcome through conditioned inhibition. Conditioned inhibitors are stimuli
that through experience regarding the absence of outcome, oppose the effects of a conditioned
excitor (Rescorla, 1969). A number of training procedures have been demonstrated to produce
inhibitory Pavlovian learning in rodents, such as manipulating the contingency between the
outcome delivery and stimulus presentation in a manner that the probability of outcome
delivery in presence of the stimulus is lower than the probability of outcome delivery in the
absence of the stimulus (Rescorla, 1969). However, one of the more common procedures
used to generate inhibitory Pavlovian associations is feature-negative conditioning. In this
procedure a single stimulus is initially paired with the delivery of an outcome (A+). After
this association is established, a compound consisting of the trained excitor and a novel
stimulus is introduced, however this compound stimulus predicts the absence of outcome
delivery (AI-). Through training, it is learned that the presence of the inhibitory stimulus
(I) prevents the delivery of the outcome otherwise predicted by the excitor alone (Pavlov,
1927).
Generating Inhibitory Pavlovian Stimuli in Humans
Pavlovian inhibitors have been demonstrated in humans using conceptually similar task de-
signs to those used in the animal literature described above, however there is substantial
variation in the procedures used to generate this inhibition between animals and humans.
Our experiments in Chapter 2, in addition to the findings of Colagiuri and Lovibond (2015),
demonstrate that arranging a negative contingency between a stimulus and an outcome such
that it predicts the absence of outcome in a context where is is otherwise likely to occur,
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is able to promote inhibitory learning in humans. Importantly, these findings have demon-
strated inhibitory learning using Pavlovian conditioning procedures closer to those used in
the animal literature, extending initial observations that stimuli paired with the absence of
outcome gain inhibitory strength in a causal learning task (Karazinov & Boakes, 2004).
Barring the studies outlined above, in which Pavlovian conditioning procedures used to
generate inhibitory stimuli were part of a Pavlovian-instrumental transfer procedure, the
majority of studies examining the acquisition of Pavlovian associations in humans have as-
sessed learning through used causal learning tasks rather than through assessing conditioned
responding directly. As directly measuring conditioned responding, particularly in response
to appetitive outcomes, can be difficult in humans, learning tasks have instead used explicit
measures of predictive strength as a proxy for associative strength. Dickinson et al. (1984) ini-
tially argued that the processes that underly the development of Pavlovian conditioning may
also contribute to human judgments of causality, noting similar patterns between associative
strength and causal ratings. Although there remains some skepticism that causal learning
tasks are assessing associative processes in an equivalent manner to the rodent literature (e.g.
Lovibond (2003)), replications of associative learning phenomena such as unblocking (Le Pel-
ley, Oakeshott, & McLaren, 2005) have demonstrated parallels between causal learning and
the traditional animal conditioning procedures. Using causal learning tasks, conditioned in-
hibitors have been generated using backwards conditioning (Urcelay, Perelmuter, & Miller,
2008), differential conditioning (Karazinov & Boakes, 2004), and feature-negative conditioned
inhibition (Baeyens et al., 2004) task designs in humans, suggesting that associative inhibitory
learning also remains conserved across species.
Identifying and Assessing Inhibitory Pavlovian Stimuli
A problem that arises when examining inhibitory conditioning, in comparison to excitatory
conditioning, is that behaviour that reflects a successful learning about the absence of out-
come is often difficult to distinguish from behaviour reflecting a lack of learning. For this
reason, care must be taken to confirm that training procedures have successfully generated
inhibitors, through using separate additional tests to measure inhibitory strength. A coher-
ent set of criteria to determine if a stimulus is a conditioned inhibitor were first set laid out
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in Rescorla (1969), and included the following:
Retardation-of-acquisition The retardation-of-acquisition test exploits the opposing na-
ture of excitatory and inhibitory associations acquired by stimuli, and tests to demonstrate
inhibition through examining the speed of a trained stimulus to acquire new excitatory learn-
ing. If a stimulus has acquired inhibitory strength, pairing this stimulus with the delivery
of an outcome will result in a slower acquisition of conditioned responding than a neutral
stimulus (Rescorla, 1969). This is due to the existing inhibitory association needing to be
first extinguished before further excitatory conditioning can be generated. Retardation-of-
acquisition tests have been demonstrated to detect inhibition in both rodents (Williams,
Travis, & Overmier, 1986) and humans (Urcelay et al., 2008).
Summation Test The summation test is driven by the additive nature of Pavlovian as-
sociations. That is - if an excitatory stimulus alone is able to generate a particular level of
conditioned responding, presenting this stimulus in addition to another stimulus that is an
inhibitory stimulus should result in a decrease in the level of conditioned responding elicited.
Thus an inhibitory stimulus can be identified through examining the influence that its pres-
ence has on the expression of conditioned responding elicited when presented in compound
with an excitatory stimulus (Rescorla, 1969). These summation tasks have also been shown
to detect inhibition in both rodents (Holland & Lamarre, 1984) and humans (Karazinov &
Boakes, 2004).
Assessing Conditioned Inhibition in Humans As highlighted above, conditioned in-
hibition has been predominantly examined using causal learning tasks in humans. Although
these tasks appear to be successful at replicating excitatory associative learning phenomena
in humans, successful generation and detection of inhibitory associative learning appears to
be more sensitive to the task design and instructions that tend to vary between procedures.
One problem in examining preventative relationships, compared to the predictive relation-
ships in excitatory conditioning procedures, is that the nature of the rating scales used can
produce patterns of results with ambiguous interpretations. Karazinov and Boakes (2004)
argued that studies including rating scales with anchors from preventative to predictive (e.g.
74 CHAPTER 3.
Chapman and Robbins (1990)) could influence the acquisition of inhibition, through prompt-
ing participants to frame their interpretations of the stimulus predictions. However, scales
used to assess causal ratings that do not include scores that clearly reflect a preventative
relationship between a stimulus and the outcome can produce decreases in causal strength
that can be difficult to clearly interpret as truly inhibitory. This highlights the care that must
be taken in designing and implementing tasks assessing conditioned inhibition in humans.
3.1.3 Outcome-Specific Conditioned Inhibition
Although there appears to be some debate as to the extent and necessary conditions, it
is clear that conditioned inhibition can be generated in humans. However, it remains un-
clear if humans have been able to generate outcome-specific inhibitory associations, in the
same manner that outcome-specific excitatory associations are developed. In addition to the
outcome-specific excitatory associations that are observed in specific Pavlovian-instrumental
transfer test in humans, outcome-specificity has been demonstrated in other excitatory causal
learning procedures (Le Pelley, Oakeshott, Wills, & McLaren, 2005), indicating similarities
between the associative processes in humans and animals in outcome-specific excitatory con-
ditioning. Evidence for outcome-specificity in inhibitory associations has been demonstrated
in rodents (Delamater et al., 2003; Kruse et al., 1983; Laurent & Balleine, 2015), however
this specificity has not yet been demonstrated in humans, as the causal learning tasks used in
humans have typically only examined predictive or preventative associations between stimuli
and a single outcome.
One previous study has attempted to generate outcome-specific conditioned inhibitors in
humans using a feature-negative conditioned inhibition design (Alarco´n & Bonardi, 2016),
similar to the design used in Laurent and Balleine (2015). Inconsistent with the rodent
literature, this study was unable to demonstrate outcome-specific inhibitory associations in
either the summation test or in the Pavlovian-instrumental transfer. This may stem from
some of the idiosyncratic aspects of the conditioning procedure. In particular, rather than
using two distinct outcomes for the excitors to be paired with, Alarco´n and Bonardi (2016)
used two categories of outcomes (i.e. Food/Drink). These broad categorical outcomes appear
to be sufficient to generate outcome-specific excitatory associations necessary for the specific
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transfer effects, however this may impair the development of the more difficult to obtain
outcome-specific inhibitory associations.
3.1.4 Aims of Chapter 3
The overall aim of the experiments in this chapter is to demonstrate that Pavlovian stimuli
can come to predict the absence of specific outcomes, and that these inhibitory stimuli are
able to influence action in an opposing manner to outcome-specific excitatory stimuli in
humans. Increasingly, findings regarding the influence of excitatory stimuli on action have
been replicated across species, and general inhibitory stimuli appear to produce opposing
effects to general excitatory stimuli. However, the influence of outcome-specific inhibitors,
both on action in a Pavlovian-instrumental transfer test and in more traditional assessments
of inhibitions, remains less clear in humans. By examining the pattern of responding that
outcome-specific inhibitors are able to produce, we aimed to extend our understanding of the
associative mechanism driving Pavlovian-instrumental transfer in humans.
3.2 Experiment 1
As has been demonstrated in Chapter 2, we have developed a novel task that can clearly
demonstrate excitatory specific and general transfer effects. The experiments in Chapter 2
provide initial evidence that pairing stimuli with the absence of outcome can generate in-
hibitory stimuli, and these inhibitors produce opposing effects on instrumental action to exci-
tatory stimuli. However, it is unclear if outcome-specific inhibitory stimuli can be generated,
and how they could influence action in humans. Laurent and Balleine (2015) demonstrated
that outcome-specific inhibitors are able to produce a reversal of the bias of action-selection
elicited by outcome-specific excitors, and have argued that this reflects the influence of in-
hibitory action-outcome associations in driving specific transfer. Therefore, we intended to
adapt our existing task to use a feature-negative conditioned inhibition procedure translated
from Laurent and Balleine (2015) to generate outcome-specific inhibitors, and assess their
influence on action-selection in humans. We predicted that this conditioning procedure would
generate outcome-specific inhibitory stimuli, and these stimuli would produce a reversal in
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the bias in action-selection produced by outcome-specific excitors. Additionally, we predicted
that if the training procedure was able to generate outcome-specific inhibitors as seen in the
transfer test, that these stimuli would also be conditioned as inhibitory using a separate tests
of inhibition.
3.2.1 Method
Participants
20 participants (12 females) were recruited from the community with a mean age of 31.4
(SD: 11.4). Participants had normal or corrected to normal vision, and were reimbursed for
their time with gift vouchers. All participants provided written informed consent according
to the approval requirements of the Human Research Ethics Committee of the University of
Sydney.
Stimuli & Materials
The task stimuli and materials were broadly similar to those outlined in Section 2.2.1. How-
ever, as this experiment was only assessing specific transfer, the two outcomes used were
M&Ms and BBQ Shapes. In addition to the four coloured lights as stimuli previously used
(red, blue, green, yellow), grey lights were included to allow for an additional neutral stimu-
lus. To allow for the presentation of compound stimuli, the presentation of the ‘lights’ on the
vending machine were altered - where each stimulus was a set of lights presented on one row,
which allows for the excitor, inhibitor, and neutral stimulus to be presented concurrently.
Procedure
After providing consent, participants rated their current level of hunger, tasted one of each
of the two snacks used in this experiment (M&Ms, BBQ Shapes) and rated the pleasantness
of these outcomes. Both instrumental and Pavlovian conditioning stages, and the test of
transfer were completed in a single testing session. A summary of the experimental design of
this task is provided in Table 3.1, and an illustration of the task is presented in Figure 3.1.
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Table 3.1: Pavlovian-Instrumental transfer design. After instrumental and Pavlovian
conditioning stages, the influence of the trained Pavlovian stimuli on biasing action-selection
and influencing the rate of responding is assessed in a Transfer test.
Instrumental Training Pavlovian Conditioning Transfer Test
R1 → O1 S1N → O1 Individual Excitors S1: R1 vs. R2
R2 → O2 S2N → O2 S2: R1 vs. R2
S1NS3 → Ø Individual Inhibitors S3: R1 vs. R2
S2NS4 → Ø S4: R1 vs. R2
Neutral Stimulus N: R?
Note: R(Response); S(Stimulus); O(Outcome)
Figure 3.1: The vending machine task used to examine Pavlovian-Instrumental
transfer. A) Instrumental training: participants were able to tilt the vending machine
left or right to earn two different snacks. B) Feature negative conditioned inhibition. Two
stimuli (S1, S2) were associated with the delivery of different outcomes when presented alone.
Two compounds (S1S3, S2S4) were associated with no outcome delivery. C) Transfer test:
participants were able to respond freely in the presence and absence of the excitatory and
inhibitory Pavlovian stimuli.
Instrumental Training In this phase, participants were able to freely press two buttons
to earn food snacks. Participants were not able to consume the snacks as they earned them,
but they were informed that they could exchange them for real snacks at the end of the
experiment. Participants were instructed to make button presses with only one finger of
their dominant hand to ensure that only one response could be made at a time. Actions
were reinforced on a RR5 schedule, such that on average one in every five responses on each
action produced an outcome. Responses on the two different actions (R1, R2) were associ-
ated with the delivery of different outcomes (O1, O2), with the button-outcome associations
counterbalanced across participants. As each outcome was earned, an image of that outcome
appeared on the screen underneath the image of the vending machine for 1s. This phase
lasted until a total of 50 outcomes were earned.
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Pavlovian Training In this phase we used a feature-negative design to generate the two
outcome-specific Pavlovian excitors and inhibitors. For this phase, participants were asked
to observe the relationship between different coloured lights appearing on the front of the
vending machines with the delivery of the different snack outcomes. Two of the stimuli
(S1, S2) were paired with the delivery of the two different outcomes (i.e. S1 - O1, S2 -
O2). The relationship between these two stimuli and their outcomes were initially trained
in a mixed design (i.e. ABBABAAB) to establish the initial outcome-specific excitatory
associations. Training of these associations was further continued but was intermixed with
compound presentations of each excitatory stimulus with a novel stimulus (i.e. S1S3, S2S4).
No outcomes were delivered in the presence of these outcomes. This feature-negative design
was intended to generate excitatory stimuli that were associated with the delivery of a specific
outcome (S1 - O1, S2 - O2) and inhibitory cues that predicted the absence of a specific
outcome (S3 - No O1, S4 - No O2). The neutral stimulus (N) was present during the
presentation of both the excitatory and compound cues, such that it was equally experienced
in predicting the delivery and absence of both outcomes. The single and compound trial
stimulus trials were randomly intermixed in each block. A block consisted of one presentation
of each of the two excitors and of the two compound stimuli. Each trial included an CS of 3s,
followed by the outcome delivered 1s after the stimulus onset for the duration of the stimulus
(i.e. for 2s) with an ITI of 3s. For compound stimuli no outcomes were presented on the
screen. The single and compound stimuli were presented a total of 22 times each during
training.
Contingency Assessment After completing the Pavlovian training procedure, partici-
pants were given a multiple-choice questionnaire to assess their learning of the instrumental
and Pavlovian relationships (see Appendix A). Participants answered seven questions: two
regarding the R-O associations (e.g. ‘What snack was associated with tilting the vending
machine LEFT?’ ) and fve regarding the relationships of the five stimuli presented during
Pavlovian training (e.g. ‘What was the RED light associated with?’ ). As it was unclear if
the conditioning procedure would produce specific or general inhibitory associations, partic-
ipants were able to report whether the inhibitory stimuli were associated with the absence
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of a specific outcome of with the general absence of any outcome. No feedback was given
regarding their answers to the questionnaire.
Transfer Test This test examined the influence of the individual excitatory and inhibitory
stimuli on action-selection. During the task the five individual stimuli (S1, S2, S3, S4, N)
were presented, with presentations of each stimulus separated buy an ITI where the ‘unlit’
vending machine was presented on the screen. Each stimulus was presented 7 times for 6s,
with a variable ITI (12 ± 4s). This phase was conducted in nominal extinction, with no
outcomes being delivered in response to the participants’ actions; however, participants were
told that they would continue to earn outcomes and that they would be able to exchange them
for real snacks at the end of the experiment. Testing in extinction ensured that responding
during this stage was not influenced by any changes in the experience of the outcomes during
the test.
Retardation-of-acquisition This task intended to assess the existence and nature of in-
hibitory Pavlovian associations independent of the Pavlovian-instrumental transfer test. This
task compared the development of new excitatory associations to the previously trained neu-
tral stimulus (N), and the two inhibitory stimuli (S3, S4) in a causal rating conditioning task.
See Table 3.2 for the design.
Table 3.2: Retardation-of-acquisition design The speed at which previously trained
stimuli are able to acquire novel excitatory associations is assessed in this task through
causal ratings of the various stimulus-outcome pairings.
Pairing Type Trained Association Novel Association
Novel Neutral N → O1/ O2 / NO O1 /NO O2 N → O2
Competing S3 → NO O1 S3 → O1
Non-Competing S4 → NO O2 S4 → O1
Note: N(Trained Neutral Stimulus); O(Outcome)
In this new conditioning stage, the neutral stimulus was paired with one outcome, and
the two inhibitory stimuli were paired with the delivery of the other outcome. For one of the
inhibitors this new pairing was competing with the prior conditioned inhibitory association,
with the inhibitor now predicting the delivery of the same outcome it once predicted the
absence of. For the other inhibitor, this new association did not directly compete with the
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previous inhibitory association as it predicted the delivery of a different outcome to what
it had previously predicted the absence of. Each block consisted of a randomly ordered
presentation of each of the new stimulus - outcome pairings, as in the Pavlovian conditioning
procedure above. At the end of each block participants were asked to give ratings of causal
strength regarding the stimulus outcome pairings. The causal ratings involved presenting
an image of one of the stimuli and one of the outcomes under which the statement ‘How
likely are you to recieve this snack when these lights are on?’ was presented. Following the
concerns highlighted in Karazinov and Boakes (2004), the rating scale was from -10 to +10,
with -10 labeled ‘Never Delivered’, +10 labeled ‘Always Delivered’, with zero labeled ‘Don’t
Know’. Each stimulus-outcome pairing was presented 15 times.
Analysis
Pavlovian-instrumental transfer To examine the biasing effects of excitatory and in-
hibitory Pavlovian-instrumental transfer we first calculated a baseline rate of responding.
This was calculated by averaging the number of R1 and R2 responses made in the Pre-
Stimulus period (i.e. 6s before stimulus onset) of the transfer test. To determine the influence
of each stimulus on action-selection, R1 and R2 were identified as Same or Different actions
based on their relationship to the outcome associated with the stimulus present. For exci-
tors, as in Chapter 2, Same actions were those associated with the delivery of the outcome
predicted by the Excitor (i.e. R1 in S1). For inhibitors, the Same action was that which was
associated with delivering the outcome the stimulus predicted the absence of (i.e. R1 in S3).
The number of Same or Different responses made was then averaged across the presenta-
tions of each stimulus, and then collapsed across the two Excitatory or Inhibitory stimuli to
calculate the rate of responding on each action in these stimulus types.
A repeated measures 2 X 2 ANOVA was conducted on the response rates using Stimulus
Type (Excitor, Inhibitor) and Action (Same, Different) as factors. The interaction between
these two factors was used to determine if the valence of the predictive stimuli influenced the
bias in action-selection they produced. Paired t-tests were then performed to examine the
expression of specific transfer (i.e. difference between Same and Different rates of responding)
in the presence of Excitors and Inhibitors separately. To examine the relationship of stimulus-
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promoted responding relative to baseline, paired t-tests were performed to compare these
response rates to the Pre-CS baseline rate of responding, and to the rate of responding in
the presence of the stimulus that was non-informative (N).
Retardation-of-acquisition Causal ratings regarding the relationship between the three
stimuli (Neutral, Competing, Non-competing) and both outcomes (O1, O2) were made. The
stimulus - outcome ratings were split into Paired and Unpaired associations, with Paired
associations reflecting the causal ratings between the stimuli and the outcome they were
associated with in this new training, and the Unpaired associations reflecting causal ratings
about the relationship between a stimulus and the outcome it was not associated with in
this task. The causal ratings regarding the Paired and Unpaired outcomes were examined
separately, with repeated measures 2 X 2 ANOVAs of Stimulus Type (Neutral, Competing,
Non-Competing) and block (1-15) on participants causal ratings performed to determine if
there were any effects of prior training on the acquisition of these novel excitatory associa-
tions.
3.2.2 Results
Hunger & Pleasantness Ratings
Participants’ pre-testing ratings of hunger and pleasantness of the outcomes used in this
experiment are shown in Table 3.3. Participants were moderately hungry, and both outcomes
were rated as more pleasant than the neutral point (4) on the rating scale.
Table 3.3: Ratings of participant hunger and the pleasantness of the different outcomes.
Hunger M&Ms BBQ Shapes
6.6 (SD : 1.67) 6.45(SD : .76) 5.5(SD : 1.10)
Instrumental and Pavlovian Conditioning
Instrumental and Pavlovian training proceeded without issue. The post-training question-
naires revealed that 19 of 20 participants correctly reported the instrumental contingencies
and the excitatory Pavlovian contingencies. However, there appeared to be some inter-
subject variability in the nature of the inhibitory associations acquired and reported by our
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participants. Nine participants reported that the inhibitory stimuli were associated with
the absence of a specific outcome, 6 reporting that the cues predicted the general absence
of outcomes, and 5 reporting a mixture of specific, general, or non-informative predictions.
One participant was excluded from analysis for incorrectly reporting the instrumental con-
tingencies, leaving 19 participants for further analysis. A correlation between participants
preference for O1, and their bias for responding on that action during instrumental training
was positive but non-significant (Figure 3.2.2: rs = .241, p > .05).
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Figure 3.2: Correlation between outcome preference and action-choice during inst-
rumental training Participants displayed a positive but non-significant correlation between
their outcome preference and their instrumental training responding, with a greater prefer-
ence for one outcome associated with a higher proportion of responses made on the action
earning that outcome.
Pavlovian-instrumental Transfer
The data of most interest in this experiment were from the Pavlovian-instrumental transfer
test that assessed choice between the two instrumental responses in the presence of the
stimuli that had been trained to specifically predict the occurrence or the absence of the two
outcomes (see Figure 3.3). Both excitatory and inhibitory stimuli influenced choice, but in
different ways (Stimulus x Action; F (1, 18) = 25.44, p < .001). The Excitors biased action
selection towards the response that predicted the delivery of the shared outcome (Same >
Different; t(18) = 4.94, p < .001 ). In contrast, the Inhibitors biased action-selection in the
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opposing direction (Different > Same; t(18) = -2.55, p = .020), shifting responding away
from the action associated with the outcome the stimulus predicted absent. Excitors and
Inhibitors also differed in their ability to energize responding above baseline. Performance on
the stimulus promoted action was significantly greater than the baseline rate of responding
for the Excitors (Same > Pre-CS; t(18) = 3.55, p = .0023), however this did not significantly
differ from baseline in the presence of Inhibitors (Different > Baseline; t(18) = -.033, p >
.05). However both stimulus types significantly suppressed responding below baseline on
the non-stimulus promoted action (Excitors: Different < Pre-CS; t(18) = -2.99, p < .001;
Inhibitors: Same < Pre-CS; t(18) = -3.28, p = .0027). Finally, presentation of the neutral
stimulus resulted in a numerically small, but statistically significant decrease in the rate of
responding below baseline (Neutral < Pre-CS; t(18) = -2.45, p = .025).
A B
Figure 3.3: Excitatory and Inhibitory Pavlovian-Instrumental transfer. Excitatory
Pavlovian stimuli associated with the delivery of specific outcomes bias action-selection, and
selectively promote responding on the action associated with the delivery of the same out-
come the cue predicts. Inhibitory Pavlovian stimuli associated with the absence of a specific
outcome bias action-selection, with more responses associated with the delivery of the alter-
nate outcome made, but do not promote responding on this action above baseline. * p <
.05; ** p < .01; *** p < .001; Error bars are ± SEM.
Retardation-of-acquisition
Causal ratings of the different stimuli types did not show any evidence of outcome-specific
inhibition, with the prior associations of the test stimuli not influencing the acquisition of
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new associations across the conditioning task. This was observed for both the causal ratings
regarding the test stimuli and the outcome paired (Figure 3.4: Stimulus Type x Trial; F(28,
532) = 1.184, p > .05) and unpaired (Figure 3.5: Stimulus Type x Trial; F(28, 532) = 0.715,
p > .05) with each stimulus.
Interestingly, causal ratings regarding the stimuli and the outcome that was available but
unpaired with the stimulus in this decreased across training, as seen in Figure 3.5 (Unpaired
Ratings: Main Effect of Trial; F(14, 266) = 19.12, p < .001). As participants acquired the
new stimulus-outcome associations (Paired Rating: Main Effect of Trial; F(14, 266) = 20.07,
p < .001), their causal ratings indicated acquiring a preventative association between the
stimuli and their unpaired outcomes.
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Figure 3.4: Changes in causal ratings in the acquisition of new excitatory associa-
tions Causal ratings regarding the association between previously trained stimuli and their
newly paired outcomes were rapidly acquired across all stimulus types. Error bars are ±
SEM.
3.2.3 Discussion
The aim of Experiment 1 was to demonstrate that outcome-specific inhibitory stimuli could
be generated in humans, and that these stimuli were able produce different biases in action-
selection to outcome-specific excitors. These results broadly support these hypotheses, as the
outcome-specific excitatory stimuli biased action-selection towards the outcome the stimulus
predicted the delivery of, consistent with our prior research and the existing human and
Inhibitory Pavlovian-Instrumental Transfer 85
l
l
l
l
l
l l
l
l
l
l
l
l
l l
−10.0
−7.5
−5.0
−2.5
0.0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Trial
Ca
us
al
 R
at
in
g Cue Type
l Consistent
Inconsistent
Novel
Figure 3.5: Changes in causal ratings of the non-paired outcome over training.
Causal ratings between stimuli and the outcomes they were not paired with during this task
decreased across training for all stimulus types. Error bars are ± SEM.
animal literature. Importantly, we were also able to demonstrate that the inhibitory stimuli
could predict the absence of a specific outcome, as they shifted responding away from the
action associated with the outcome the inhibitory stimulus had been trained to predict the
absence of.
Limitations in Inhibitory Pavlovian-instrumental Transfer
Despite our ability to replicate the reversal of the bias from excitatory to inhibitory stimuli
previously demonstrated in the animal literature (Delamater et al., 2003; Laurent & Balleine,
2015), the expression of this inhibitory sPIT effect relative to baseline and the lack of the clear
elevation on the action associated with the alternate outcome above baseline make conclu-
sions regarding the mechanism of this effect difficult. This pattern of responding is consistent
with the inhibitory stimuli suppressing activation of the representation of the outcome it had
been trained to prevent, as proposed by Delamater et al. (2003). Alternatively, this inability
to observe elevation driven by the inhibitory stimuli as seen in Laurent and Balleine (2015)
may be related to the baseline rate of responding. As our participants do not undergo inst-
rumental extinction prior to the transfer test, the rate of responding by participants in the
absence of Pavlovian stimuli remains steady and high. As outlined in Chapter 2, our previous
findings and those of Colagiuri and Lovibond (2015) demonstrate that the baseline rate of
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responding can be crucial in determining how the same learning can be detected in a transfer
test. Although our prior research demonstrated an elevation of responding on the excita-
tory stimulus promoted action even in the High Baseline responding subgroup, it remains
possible that there may still be some responding by outcome-specific inhibitors that could
be revealed with a lower baseline rate of responding. Additionally, contrary to our expec-
tations, we observed substantial variation in the nature of the inhibitory stimulus-outcome
associations reported by participants, with some participants reporting learning outcome-
specific inhibitory associations, and others reporting learning general inhibitory associations.
As we have demonstrated in Chapter 2, excitatory stimuli with outcome-specific and general
associations are able to produce different patterns of responding, participants who reported
learning about the identity of the outcome prevented by the stimulus may respond differently
in the transfer test to participants who reported learning a non-specific general inhibitory
association.
Limitations in Independent Assessment of Conditioned Inhibition
Additionally, contrary to our expectations, we did not see evidence of outcome-specificity in
the causal ratings in the retardation-of-acquisition task. We did not detect any clear evidence
of the trained inhibitory associations influencing the rate of acquisition of the new excitatory
associations. This inability to observe retardation may stem from task differences between
our task and the broader causal learning literature. First, many tasks assessing conditioned
inhibition through causal learning retardation tests in humans have also generated these
conditioned inhibitors using causal learning procedures. Despite informing participants in
our task that the stimuli used were the same as they had previously learned, the introduction
of a new training procedure may have introduced a contextual shift in which the associations
trained on one type of task are not applied in this different training task. An additional
explanation may stem from the simplicity of the novel associations developed in this task.
To prevent participants relying on explicit propositional processes, many causal learning
tasks involve a large number of stimuli that participants are required to learn about during
training. As we only included three stimuli in the retardation test, all of which produced
an outcome, participants may have been able to use their explicit knowledge to update
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their causal ratings regarding the contingencies, rather than relying on associative processes
where the influence of prior inhibitory learning could be predicted. Additionally, language
used in framing the causal ratings task may have led to some confusion amongst participants.
When assessing participants acquisition of the new Pavlovian associations, they were asked
to make a predictive rating (How likely are you to receive this snack when these lights
are on?), however the rating scale from -10 to +10 that was used reflected causal ratings.
Although participants may have been able to ignore this inconsistency, using a rating scale
more appropriate for predictive ratings (i.e. 0-100) may have had a greater sensitivity in
detecting any effects of inhibition using this procedure.
Separate from the influence of prior training on acquisition of predictive relationships, we
saw clear decreases in the causal ratings between a stimulus and its unpaired outcome. This
suggests that our conditioning procedure, and assessment of these associations, may promote
differential conditioning. Therefore, as stimuli come to predict the delivery of one outcome,
they become associated with preventing the delivery of the alternate outcome that is known
to be available.
Conclusion
Although limitations in the task design and the pattern of results impaired clear understand-
ing of the mechanism driving this effect in humans, the results provide the first evidence
suggesting that outcome-specific conditioned inhibition can be generated in humans, and a
clear replication of the bias produced by these stimuli highlight the value of this protocol in
future studies attempting to clarify this effect in humans.
3.3 Experiment 2
In Experiment 1, we were able to demonstrate for the first time that feature-negative condi-
tioning procedures can generate outcome-specific inhibitors in humans, and that these stimuli
are able to bias action away from the outcome predicted absent, replicating the prior animal
research (Delamater et al., 2003; Laurent & Balleine, 2015; Laurent et al., 2015). However,
were were unable to observe the complete reversal of the specific transfer effect and elevation
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of responding above baseline driven by the inhibitory stimuli observed in Laurent and Balleine
(2015). As this elevation is crucial to the argument regarding the involvement of inhibitory
action-outcome associations in driving specific transfer, this experiment aimed to clarify the
inhibitory specific transfer effect observed, and determine if we could observe this inhibitory
stimulus promoted action relative to baseline. One potential explanation for our inability to
observe this in Experiment 1 may stem from the participants’ experience of the inhibitory
stimuli used. Unlike the individual excitatory stimuli, the first time participants encounter
the inhibitory stimuli not in compound was in the transfer test. Laurent and Balleine (2015)
demonstrated that in rodents, the individual stimuli elicited different effects to the compound
inhibitors, with the reversal of the excitatory specific transfer effect only observed in the pres-
ence of the inhibitory compounds. Alternatively, as mentioned above, we observed responding
at a high level in the absence of the stimuli, which may have influenced our ability to detect
the inhibitory specific transfer effect more clearly.
This experiment was designed to address these two issues. First, in addition to testing
the influence of individual excitatory and inhibitory stimuli on action-selection, the present
experiment also examined the influence of various compound stimuli during test. Second, the
durations of both the individual and compound stimuli, and of the inter-trial interval were
increased during Pavlovian training in an attempt to reduce any excitatory conditioning to the
context. Furthermore, we also tested a larger cohort of participants in the current experiment
in order to examine the influence of inhibitors on choice in the subgroups of participants
who reported specific compared to general inhibitory associations. We predicted that both the
individual and compound excitatory stimuli would produce excitatory specific transfer effects,
and the individual and compound inhibitory stimuli would produce a reversal of this bias.
Furthermore, consistent with Laurent and Balleine (2015), we predicted that the compound
inhibitory stimuli would produce an elevation of the stimulus promoted action above baseline.
Finally, we predicted that the different inhibitory associations reported by participants would
be reflected through different patterns of responding in the learner subgroups, similar to the
different pattern of responding outcome-specific and general excitatory associations produce
distinct specific and general transfer effects.
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3.3.1 Method
Participants
30 participants (16 females) were recruited from the community, with a mean age of 24.43 (SD:
4.47). All participants were reimbursed for their time with gift vouchers. All participants
provided written informed consent according to the approval requirements of the Human
Research Ethics Committee of the University of Sydney.
Stimuli & Materials
The materials were the same as those outlined in Section 3.2.1.
Procedure
The procedure was the same as that outlined in Section 3.2.1 except where noted. A summary
of the experimental design is provided in Table 3.4
Instrumental Training In this phase, participants were able to press two buttons to earn
food snacks, as outlined in Section 3.2.1. However, to promote action-outcome learning, we
gave single action training for a period prior to concurrent training, in which participants
could freely respond on both actions. During the single action training participants were
only able to make either left or right responses until 10 outcomes had been earned and then
to make the other response until a further 10 outcomes had been earned. After this training
participants were able to respond freely on both actions until an additional 30 outcomes were
earned. The total number of outcomes earned over all stages of instrumental training was 50,
as in Experiment 1. This serial training procedure was introduced to both increase the action-
outcome learning and, we hoped, to favor the development of the inhibitory action-outcome
associations proposed to drive the reversal of choice produced by inhibitory stimuli.
Pavlovian Training The structure of Pavlovian training remained the same as outlined
in Section 3.2.1, however the parameters regarding the lengths of stimuli presentation were
changed. The ITI was increased to 12s and the duration of the stimulus was increased to 6s
to make these lengths consisted with those used in the transfer test .For excitatory cues, the
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onset of the outcome was 2s after the stimulus onset, and was presented for the rest of the
duration of the stimulus (i.e. for 4s).
Transfer Test As described in Section 3.2.1, participants were able to respond freely in
the presence and absence of Pavlovian stimuli. In addition to the individual excitors and
inhibitors tested in Experiment 1, the influence of the compound stimuli on action-selection
was also examined. The compound stimuli consisted of a trained excitatory and inhibitory
stimulus presented together. Congruent compounds were those presented during Pavlovian
training (S1S3, S2S4), with the excitatory stimulus predicting the delivery of one outcome and
the inhibitory stimulus signaling the absence of that same outcome. Incongruent compounds
consisted of the alternate pairs of stimuli (S1S4, S2S3), such that the Excitor predicts the
delivery of one outcome and the https://twitter.com/AusFPBotInhibitor the absence of the
other outcome. As such, the Incongruent compounds should predict the delivery of the
outcome associated with Excitor, and bias choice in a similar manner to the Excitor alone.
As in Experiment 1, each individual or compound stimulus was presented 7 times for 6s
during the test session with a variable ITI (12 ± 4s).
Summation Test To attempt to confirm that the conditioned inhibition procedure used
in the Pavlovian training stage resulted in inhibitory associations between the Inhibitors and
the delivery of particular outcomes, a subset of participants completed a summation test.
This task involved participants making predictive ratings regarding the relationship between
cues and the delivery of different outcomes. Participants were instructed that they would
be asked to make predictions about the relationship between a particular stimulus and the
delivery of a particular outcome displayed on the screen. Participants were able to use a
rating scale from +10 to -10 to make this prediction. Participants were informed that a
rating of -10 indicated that the cue perfectly prevented the delivery of that outcome and a
rating of +10 indicated that the cue perfectly predicted the delivery of the outcome displayed.
Participants were told to be conservative with their ratings and to use only the extremes of
the rating scale if they were absolutely certain about the relationship. A summary of the
experimental design is seen in Table 3.5.
The first stage of the summation test involved participants giving a single rating regarding
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Table 3.5: Summation Test design. In this task participants rated the relationship be-
tween stimuli that had been trained to predict the absence of a specific outcome between
those two outcomes. Following the training of two novel excitors, the trained inhibitors were
presented in compound with Novel Excitors that predicted the delivery of that same specific
outcome (Novel Congruent Compounds) or the alternate outcome (Novel Incogruent com-
pounds), to examine outcome-specific inhibition through the influence of the inhibitor on
causal ratings.
Trained Cues Novel Excitor Training Summation Test Ratings
S1 (O1) N1 → O1 Novel Congruent Stimuli N1S3
S2 (O2) N2 → O2 N2S4
S3 (No O1) Novel Incongruent Stimuli N1S4
S4 (No O2) N2S3
Note: S1/S2(Trained Excitors); S3/S4(Trained Inhibitors); N1S3/N2S4(Novel Congruent
Compounds); N1S4/N2S3 (Novel Incongruent Compounds)
the relationship of each of the Excitors and Inhibitors learned during the Pavlovian condi-
tioning to the outcome that these stimuli had been paired with, or the alternate outcome
(‘unpaired’). The order of these ratings were randomly generated for each participant. Fol-
lowing this, participants were informed of the relationship between two novel cues and the
delivery of outcomes (N1 → O1; N2 → O2). Participants were then asked to make ratings
regarding the relationship between previously unexperienced compound cues that consisted
of one novel excitor (i.e. N1, N2) and one previously trained inhibitory cue, and the delivery
of each outcome. Evidence of specific conditioned inhibition would be seen in the ratings of
the novel compound cues as preventative of the delivery of the outcome the inhibitor predicts
the absence of.
Analysis
Pavlovian-instrumental Transfer Analysis of the Pavlovian-instrumental transfer data
was performed in the same manner as in Section 3.2.1. In addition to the previously described
analysis of the Individual Stimuli, the Compound stimuli were analyzed in the same manner,
with Congruent Stimuli treated as the Inhibitors, and the Incongruent Stimuli treated as the
Excitors. Participants were then split into Specific or General Learner subgroups based on
their reported inhibitory associations. These same analyses were performed with the Learner
Subgroups.
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Summation Test For the Trained Excitors and Inhibitors, evidence of outcome-specific
associations was examined using paired t-tests to compare the causal ratings regarding the
Paired and Unpaired outcome for each stimulus type. One-sample t-tests used to compare
these ratings to the non-informative zero score.
To examine the influence of the inhibitory stimuli on causal ratings when presented in
compound with a novel excitor, a 2x2 ANVOA of Novel Compound (Congruent, Incongruent)
and Excitor-Associated Outcome (Paired, Unpaired) on causal ratings was performed. To
examine if the identity of the outcome the inhibitor had been trained to prevent influenced the
causal ratings regarding the excitor-paired outcome when presented in compound, a paired-
sample t-test was performed to compare ratings regarding the Incongruent and Congruent
compound causal ratings regarding the paired outcome.
3.3.2 Results
Hunger and Pleasantness Ratings
Participants’ pre-testing ratings of hunger and pleasantness of the outcomes used in this
experiment are shown in Table 3.6. As in Experiment 1, participants were moderately hungry,
and rated both outcomes as more pleasant than the neutral point (4) on the rating scale.
Table 3.6: Ratings of participant hunger and the pleasantness of the different outcomes.
Hunger M&Ms BBQ Shapes
6.43 (SD : 1.98) 6.27(SD : .78) 5.25(SD : 1.09)
Pavlovian-instrumental Transfer
As in Experiment 1, instrumental and Pavlovian training proceeded without incidence. Post-
training questionnaires revealed that one participant did not correctly report the instrumental
contingencies, and was thus excluded from analysis. One participant was also excluded for not
reporting that inhibitory stimuli were associated with either the specific or general absence
of the outcomes. This left 28 participants for further analysis. A positive correlation was
observed between subjective outcome pleasantness ratings, and the action chosen during the
free-choice stage of the instrumental training procedure (Figure 3.6; r = .376, p = .041),
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indicating that participants actions were sensitive to the value of the outcome.
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Figure 3.6: Correlation between outcome and action preferences There was a signifi-
cant positive correlation between subjective preference for an outcome and the instrumental
preference for responding for that outcome.
Individual Cues In a manner similar to Experiment 1, Excitors and Inhibitors were found
to bias choice in the opposite direction (Figure 3.7; Stimulus x Action; F (1,27) = 32.00, p
< .001). The excitors biased choice towards the action with which they shared a common
outcome (Same > Different; t(27) = 6.25, p < .001) whereas Inhibitors favored performance
on the action earning the outcome that was not predicted to be absent (Different > Same;
t(27) = 3.13, p = .0042). Analysis of the energizing effects exerted by the stimuli essentially
replicated our findings from Experiment 1; the Excitors elevated responding above baseline
(Same > Baseline; t(27) = 3.89, p < .001) whilst suppressing responding on the non-promoted
action (Different < Baseline; t(27) = -5.94, p < .001). In contrast, the Inhibitors failed to
energize responding on the promoted action above baseline (Different vs. Baseline; t(27)
= .87, p > .05), however they were able to suppress responding on the action associated
with the absence of the outcome signaled absent from baseline responding (Same < Baseline;
t(27) = -4.51, p < .001). Finally, the neutral stimulus had no significant effect on the rate
of responding compared to baseline (t(27) = -1.55, p > .05).
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Figure 3.7: The effect of the individual excitatory and inhibitory Pavlovian stimuli
on choice in Experiment 2. Individual excitatory stimuli promoted the response associ-
ated with the outcome predicted by the stimulus. Individual inhibitory stimuli associated
with the absence of a specific outcome biased response selection, suppressing responding on
the action whose outcome was predicted to be absent. However, these cues failed to elevate
the response associated with the alternate outcome above baseline. ** p < .01; *** p <
.001; Error bars are ± SEM.
Compound Cues Similar to the Individual stimuli, the Congruent and Incongruent com-
pounds biased action-selection in opposite directions (Figure 3.8; F (1,27) = 10.61, p = .003).
The Incongruent compounds guided choice towards the action delivering the outcome pre-
dicted by the excitatory stimulus (Same > Different; t(27) = 3.032, p = .0053). Congruent
stimuli, however, produced the opposite effect, biasing responding away from the action as-
sociated with the outcome predicted absent (Different > Same; t(27) = -2.055, p = .049).
The two classes of compounds produced similar; both suppressed responding on the action
not-promoted by the stimulus (Incongruent: Different < Baseline; t(27) = -3.59, p = .0013,
Congruent: Same < Baseline; t(27) = -2.78, p = .0098) while leaving responding on the
stimulus promoted action at baseline levels (Incongruent: Same; t(27) = 1.28, p > .05,
Congruent: Different; t(27) = .70, p > .05). Thus, the compound test procedure employed
failed to generate performance greater than the baseline effect using the individual inhibitory
stimuli.
Inhibitory Learning Subgroups As in Experiment 1, we observed substantial variability
in the nature of inhibitory associations participants reported learning in the contingency
assessment questionnaires. We conducted further analyses to examine performance based on
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Figure 3.8: The effect of the excitatory and inhibitory compounds on choice in
Experiment 2. Congruent compound stimuli (i.e., those experienced in training) biased
response selection in the same manner as individual inhibitory stimuli, whereas incongruent
compound stimuli, in which the inhibitor predicts the absence of a different outcome from
that paired with the excitor, biased response selection in a similar manner to single excitatory
stimuli. * p < .05; ** p < .01; Error bars are ± SEM.
knowledge of the trained contingencies. To examine the effects of learning specific inhibitory
associations and their subsequent effect on choice between actions, participants were split
into Specific and General learner subgroups. Specific learners were participants that reported
that the inhibitory stimuli were associated with the absence of a specific outcome, whereas
General Learners were participants that had reported that the inhibitory stimuli predicted
the absence of all outcomes. One participant in the General Learner subgroup was identified
as an outlier, with their expression of transfer in the presence of the inhibitory stimuli greater
than 3SD away from the mean of that group, and so was excluded from the subgroup analysis.
This left 11 participants in the General Learners group for further analysis.
Individual Cues Specific and General learners displayed distinct patterns of choice in
the presence of the individual stimuli (Figure 3.9 Learner Subgroup x Stimulus Type x Action;
F (1,25) = 4.87, p = .037) indicating that the difference between the influence of Excitors and
Inhibitors on action-selection differed between Learner Subgroup. Importantly this effect was
entirely driven by group differences in the influence of Inhibitors on action-selection (F (1,25)
= 6.55, p = .017), as there was no influence of group on the expression of transfer in the
presence of the Excitors (F (1,25) = 1.55, p > .05). That is, in the presence of Excitors
both groups were biased towards the stimulus promoted action (Same > Different; Specific
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Learners: t(15) = 4.86, p < .001, General Learners: t(10) = 3.63, p = .0046). In contrast, in
the presence of the Inhibitors, there was no bias in action-selection observed in the General
Learner subgroup (t(10) = -.11, p ¿ .05) but in the Specific Learner subgroup these stimuli
were able to shift responding away from the action associated with the absent outcome (Same
< Different; t(15) = -3.22, p = .0057). Interestingly, our analysis of the energizing effects
of the stimuli also revealed critical differences between Specific and General Learners. In
the Specific Learners, performance of the chosen action was was elevated significantly above
baseline in the presence of both the Excitors (Same > Baseline; t(15) = 3.31, p = .0048)
and the Inhibitors (Different > Baseline; t(15) = 2.18, p = .045), whereas responding on
the non-promoted actions were significantly suppressed below baseline (Excitors: Different
< Baseline; t(15) = -4.18, p < .001, Inhibitors: Same < Baseline; t(15) = -3.45, p = .0036).
In contrast, the General Learners failed to show any energizing response. In the presence of
Excitors, the responding on the same action was similar to baseline (t(10) = 1.84, p > .05),
whereas responding on the non-promoted action was significantly suppressed below baseline
(Different < Baseline; t(10) = -3.65, p = .0045). In the presence of the inhibitors, the
performance of all actions was suppressed below baseline (Same < Baseline: t(10) = -2.38,
p = .039; Different < Baseline: t(10) = -2.34, p = .049).
Compound Cues The influence exerted by the various compounds was found to be
broadly similar to that of the individual stimuli. Indeed, the compounds produced distinct
patterns of choice depending on whether participants had learned specific or general in-
hibitory associations (Figure 3.10: Learner Subgroup x Stimulus Type x Action; F (1,27) =
10.70, p = .0031). This difference in responding between the learner subgroups was seen in
both Congruent (F (1,25) = 5.018, p = .033) and Incongruent (F (1,25) = 5.18, p = .032)
compounds. In the Specific Learner subgroup, the latter compounds were found to bias
choice towards the action earning the outcome predicted by the excitatory stimulus embed-
ded in the compound (Same > Different: t(15) = 3.21, p = .0058). This bias was absent in
the General Learners (t(10) = .22, p > .05). Additionally, the Specific Learners displayed
similar responding on the chosen action to baseline (Same vs. Baseline; t(15) = 1.92, p
> .05), whereas responding on the less-chosen action was reduced below baseline (Different
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Figure 3.9: Differences in the expression of specific transfer in the specific and
general learner subgroups. Both A,B) Specific Learners and C,D) General Learners
displayed significant specific transfer effects in the presence of the Excitors. Specific Learn-
ers (A,B) showed a strong ‘reverse Pavlovian-instrumental transfer (PIT) effect’, whereas
General Learners (C,D) did not show any difference in the rate of responding on the Same
and Different actions in the presence of the inhibitors, with both actions suppressed below
baseline. ** p < .01; *** p < .001; Error bars are ± SEM.
< Baseline; t(15) = -3.27, p = .0052). In contrast, General Learners neither increased or
decreased responding on either action relative to baseline (Same vs. Baseline; t(10) = -1.42,
p > .05; Different vs. Baseline; t(10) = -1.42, p > .05). The Congruent compounds were
found o produce an opposite effect to Incongruent compounds in Specific Learners, but not in
General Learners. Thus, in the Specific Learners, Congruent compounds were found to bias
choice towards the action whose outcome was not predicted to be absent (Same < Different;
t(15) = -2.63, p = .019). These compounds did not influence choice in General Learners
(t(10) = .61, p > .05). Furthermore, the Specific Learners displayed similar responding
on the chosen action compared to baseline (Different vs. Baseline; t(15) = 1.83, p > .05),
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whereas responding on the non-chosen action was reduced below baseline (Same < Different;
t(15) = -2.85, p = .012). In contrast, compared to baseline, responding on the two actions
remained unchanged in the General Learners group (Same vs. Baseline; t(10) = -.749, p >
.05; Different vs. Baseline; t(10) = -2.047, p > .05).
A
C
B
D
n.s.
n.s.
**
*
Figure 3.10: The influence of excitatory and inhibitory compound cues on choice
in subgroups reporting either specific or general inhibition. A,B) In the presence of
the excitatory Incongruent compounds Specific Learners biased choice towards the response
earning the outcome predicted by the excitatory stimulus embedded in the compound. The
opposing bias was observed in the presence of the inhibitory Congruent compounds in this
subgroup, shifting responding away from the response associated with the outcome prevented
by the within-compound inhibitor. C,D) General Learners did not show any bias in action-
selection in the presence of the excitatory Incongruent compounds and inhibitory Congruent
compounds. ** p < .01; * p < .05; Error bars are ± SEM.
Summation Test Only a subset of participants (n=10) completed this summation test.
Trained Stimuli The causal ratings regarding the relationship between the Trained
Excitors and Inhibitors, and the outcomes they had been paired with during training and
the unpaired outcome are seen in Figure 3.11.Examining these differences in each stimulus
100 CHAPTER 3.
type separately revealed that the Excitors were rated as significantly more causal of the
outcome they had been paired with, compared to the unpaired outcome (t(9) = 7.33, p <
.001). In contrast, no outcome-specificity in the causal ratings regarding the Inhibitors was
observed (t(9) = -2.098, p > .05). As on this rating scale scores above zero were indicated
to be predictive, and scores below zero were indicated to be preventative, we compared the
causal ratings of the two stimuli and their paired outcomes to the zero score. Excitors were
found to be significantly predictive of their paired outcome (one-sample t-test; t(9) = 17.97,
p < .001) and Inhibitors were significantly preventative of their paired outcome (one-sample
t-test; t(9) = -2.48, p = .018).
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Figure 3.11: Causal Ratings of Trained Excitors and Inhibitors. Clear specificity in
the causal ratings regarding the Trained Excitors was observed, with the Excitors rated as
more predictive of the outcome paired with these stimuli during training than the alternate
outcome. No differences in causal ratings were observed regarding the relationship between
the Trained Inhibitors and the outcomes that they had been trained or not trained to prevent,
demonstrating an absence of outcome-specific inhibition. *** p < .001; Error bars are ±
SEM.
Novel Summation Stimuli To determine if evidence of outcome-specific inhibition
could be detected independent of the transfer test, we examined the influence of two kinds
of Novel Compounds (Congruent, Incongruent) on the causal ratings of the outcome that
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was paired or unpaired with the Novel Excitor within the compound (Figure 3.12). Causal
ratings of the novel compounds were sensitive to the relationship of the outcome to the
within-compound excitor(Main Effect of Pairing; F(1,9) = 8.93, p = .015), with compounds
rated as more predictive of the outcome paired with the within-compound excitor. However,
the relationship of the outcome prevented by the inhibitor to the within-compound excitor
did not influence causal ratings, with compounds in which the inhibitor had been trained to
prevent the same or a different outcome to the within-compound excitor rated similarly. Novel
Congruent compounds and Novel Incongruent compounds did not differ in predictive ratings
regarding the within-excitor paired outcome (t(9) = -1.51, p > .05), failing to demonstrate
sensitivity to outcome-specific inhibition.
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Figure 3.12: Causal Ratings of Novel Compound Cues. The relationship between the
outcomes associated with the novel excitor and inhibitor did not influence causal ratings of
the novel compounds presented in the summation test. The identity of the outcome prevented
by the inhibitor did not influence causal ratings when presented in compound with a novel
excitor, demonstrating an absence of outcome-specific inhibition. Error bars are ± SEM.
3.3.3 Discussion
We were able to replicate our earlier experiment demonstrating that feature-negative condi-
tioned inhibition can generate outcome-specific inhibitory stimuli in humans, and that these
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stimuli are able to produce a bias in action-selection opposite to that elicited by outcome-
specific excitatory stimuli. Furthermore, we were able to demonstrate that this bias is also
observed in the presence of the inhibitory compounds participants experienced during train-
ing. Importantly, we were able to demonstrate that the nature of the inhibitory associations
participants reported learning influenced the expression of inhibitory transfer. Participants
who reported learning outcome-specific inhibitory associations displayed a reversal of the
excitatory bias in action-selection, and a pattern of responding more similar to that observed
in Laurent and Balleine (2015). In contrast, participants who reported learning only gen-
eral inhibitory associations displayed a general suppression of responding in the presence of
the inhibitors, similar to responding we observed in the presence of the non-reward paired
stimulus in Chapter 2.
Limitations of Inhibitory Pavlovian-instrumental Transfer
Contrary to our expectations, the changes in task design from Experiment 1 to the current
experiment did not clarify the associative mechanism driving the inhibitory transfer effect.
Despite our interventions, there was no change in baseline responding, and there was no
elevation above baseline of the stimulus promoted action in either the individual or compound
inhibitory stimuli. This demonstrates that our inability to detect this effect in Experiment
1 was not due to a lack of experience with the individual inhibitors. In the Specific Learner
subgroup there was potential evidence of inhibitory stimuli promoting responding above
baseline, however this was clearly more attenuated than the elevation promoted by excitatory
stimuli, and with the two actions being available during test, the extent to which response
competition contributes to this effect remains unclear.
Furthermore, whilst the summation test appears to be a more fruitful approach to assess-
ing inhibitory learning in humans, we were unable to detect any evidence of outcome-specific
inhibitory associations using this task. As with Experiment 1, some of the difficulties in
demonstrating inhibition independent of the transfer test may be driven by the choice of
rating scales used. In order to compare causal ratings between individual stimuli and the
novel compounds, a causal rating scale that included both preventative and predictive scores
was used for all ratings. This rating scale allows for the preventative effects of the trained
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inhibitors to be observed, however the decreases in outcome expectancy that the addition
of these inhibitors to a novel excitor produce may be less clear when assessing causal rat-
ings. Despite this potential limitation, as we were able to detect decreases in causal ratings
produced by the addition of the inhibitor in a test compound, suggesting that this is a promis-
ing approach to assessing inhibition in humans, and with the addition of appropriate control
stimuli and causal ratings of the novel excitors a clearer understanding of the influence of
the inhibitory stimuli can be obtained in future testing.
Conclusion
We were able to replicate our initial findings that outcome-specific inhibitory associations
can be generated in humans, and that these stimuli produce a reversal of the bias elicited by
outcome-specific excitors. However, analyses of the learner subgroups revealed that this effect
is driven by a subset of participants who reported learning the appropriate outcome-specific
inhibitory associations. These differing patterns of responding extend our understanding
of the nature and influence of inhibitory associations, suggesting clear parallels between
the motivational and outcome-specific Pavlovian associations across both excitatory and
inhibitory stimuli.
3.4 Bayesian Model Comparison
As highlighted in Experiment 2, the nature of the inhibitory associations participants reported
learning were associated with distinct patterns of responding in the presence of these inhibitors
during the transfer test. Interestingly, the difference between the Specific and General Learner
subgroups appeared consistent with the predictions that would be made if conditioned inhibi-
tion was able to generate the outcome-specific and general motivational associations that
excitatory conditioning procedures are able to, and if these distinct types of inhibitory asso-
ciations are able to produce comparable influences on action to their excitatory counterparts.
Although qualitatively these patterns of responding observed appear to parallel the distinction
between specific and general transfer effects that we have earlier characterized in this task
using excitatory stimuli, traditional null-hypothesis significance testing statistical approaches
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do not allow for these comparisons to be made across experiments, and do not allow for
evidence for a specific hypothesis to be quantified. One way that this can be addressed is
through Bayesian Model Comparisons. Using this approach, different models of predicted
data can be defined, and the relative support for these models given the data we observed can
be quantified. Therefore, by developing models of predicted data for the excitatory specific and
general transfer effects using the data collected in our previous experiments in Chapter 2, we
can directly examine if our observed inhibitory transfer effects reflect the distinct specific and
general transfer effects elicited by excitatory stimuli.
3.4.1 Analysis
Bayesian Model Comparison analyses were performed to allow for a quantitative comparison
of the transfer effects observed in the presence of the inhibitory stimuli to the excitatory
specific and general transfer effects we have previously demonstrated using this task. For
ease of comparison, we converted responding on the two actions during the Individual Excitors
and Inhibitors to a bias score. This bias consisted of the proportion of Same responses out
of the total responses made during the stimulus presentation for the excitatory stimuli and a
proportion of Different responses out of total responses made during the stimulus presentation
for the inhibitory stimuli. Calculating a bias also removes the issue of responding relative
to baseline. We generated two bias models that reflected the two patterns of bias we have
observed in the 3CS PIT experiments. The mean bias and variation taken from the sPIT and
gPIT effects observed in Experiment 2 of Chapter 2 were used as parameters defining the
prior normal distributions of each model (see Figure 3.4.1). Bayes Factors were calculated
to reflect the relative likelihood of obtaining our data given the two models. Bayes Factors
above 1 indicate support for the Specific Bias model, whereas Bayes Factors less than 1
indicate that our data is more likely to reflect a lack of bias driven by the stimuli.
Model comparison was run from scripts adapted from Kruschke (2014). Further details
of this analysis are reported in Appendix B.
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Figure 3.13: Prior Distributions for the Bias and No-Bias models used for com-
parison. The means and variations of the specific and general transfer effects observed
in Chapter 2 Experiment 2 were used to generate prior distributions that reflected the A)
lack of bias and B) specific transfer bias. These prior distributions were used to perform
model comparison analyses to examine the relative probability of obtaining the excitatory
and inhibitory transfer effects given these prior specific and general transfer biases.
3.4.2 Results
Bayes Factors comparing the Specific and General Bias models for the observed bias produced
by excitatory and inhibitory stimuli in the whole group and Specific and General Learner
subgroups (see Table 3.7).
Table 3.7: Bayes Factors for the Bias Model Comparison for the two Inhibitory
Transfer experiments. Model comparison analyses were performed on the excitatory and
inhibitory biases observed in all participants in Experiments 1 and 2, and the Specific and
General Learner subgroups of Experiment 2.
Data Group Bias BF10
Experiment 1 Whole Group Excitatory Transfer 226
Inhibitory Transfer 3.83
Experiment 2 Whole Group Excitatory Transfer 392
Inhibitory Transfer 2.215
Specific Learners Excitatory Transfer 107
Inhibitory Transfer 20.45
General Learners Excitatory Transfer 34.71
Inhibitory Transfer .045 (22.20)
Unsurprisingly, very strong evidence for the specific transfer bias model was found for
the observed responding during the Excitatory stimuli across both experiments and learner
subgroups. More interesting is the model comparison results regarding the bias action-
selection observed in the presence of the inhibitory stimuli. In both Experiment 1 and
Experiment 2, the bias data that we observed in the group as a whole weakly supported the
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Specific Transfer model of bias, but very clearly the bias did not fit the specific transfer effect
as we have observed in the excitatory stimuli. Examining the Bayes Factors produced by
the model comparison in the Specific and General learner subgroup, we were able to clarify
this ambiguous results. In the Specific Learners, the bias observed in the presence of the
inhibitory stimuli provided strong evidence for the Specific Transfer Bias model whereas in
the General Learner subgroup, responding in the presence of the inhibitory stimuli provided
strong support for the No-bias General transfer model.
3.4.3 Discussion
These model comparison results allow for quantitative support for our initially qualitative
claims. The different patterns of bias observed in the Specific and General learners during the
inhibitory stimuli was consistent with that predicted by our previously observed specific and
general transfer patterns of responding, respectively. This support for the distinct models
in the Learner Subgroups suggests that our contingency questionnaire reflects the outcome-
specific and general motivational associations proposed, and that these types of inhibitory
associations influence choice similarly to their excitatory counterparts.
However, despite the model comparison results providing evidence that, at least in the
Specific Learner subgroup, that the inhibitory specific transfer effects are more similar to
that predicted by the specific transfer model than the general transfer model, the magnitude
of this support is clearly limited when compared to the excitatory specific transfer model
comparison results. This demonstrates that it is not only the muted elevation of the stimulus
promoted action that differs between excitatory and inhibitory specific transfer effects, but
also the magnitude of the bias elicited by these stimuli.
3.5 General Discussion
These experiments aimed to determine the influence of outcome-specific excitors and in-
hibitors on action-selection in humans. Consistent with our prior research and the small but
growing human literature (Bray et al., 2008; Morris et al., 2015; Nadler et al., 2011; Quail
et al., 2017; Watson et al., 2014), we found that excitatory stimuli were able to bias action
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towards responses earning the same outcome they predicted. Critically, in both experiments
we were able to demonstrate that this bias was reversed by inhibitory stimuli. These stimuli
shifted responding away from the action associated with the outcome the stimulus predicted
the absence of and towards the action associated with the alternate outcome, providing the
first evidence that outcome-specific inhibitors can influence choice in humans. Importantly,
these findings replicate the prior research into outcome-specific inhibitory transfer reported
in the animal literature using a variety of conditioning procedures (Delamater et al., 2003;
Laurent & Balleine, 2015; Laurent, Chieng, & Balleine, 2016). This provides further evidence
for the similarity of the associative mechanisms driving learning and choice in animals and
humans.
3.5.1 Outcome-Specific Conditioned Inhibition in Humans
These experiments also provide a strong demonstration that outcome-specific inhibitory as-
sociations can be generated in humans. The development of inhibitory associations has tra-
ditionally been difficult to observe in human experiments, as they are particularly sensitive
to task framing and assessment procedures (Karazinov & Boakes, 2004). We found that an
outcome-specific transfer task provides the sensitivity necessary to reveal the outcome-specific
properties of the Pavlovian inhibitors, as seen through the ability of inhibitory stimuli to shift
responding away from the outcome signaled absent during the conditioning procedure.
Although evidence of outcome-specificity was clearly able to be demonstrated in our
Pavlovian-instrumental tasks, our separate assessments of inhibition found it difficult to
observe either any evidence of inhibition, as in the retardation-of-acquisition test, or any
clear evidence of specificity, as in the summation test. This appears to be consistent with the
previously established difficulties of demonstrating conditioned inhibition in human tasks,
and suggests that although the same inhibitory associations are present across both types of
tasks, the way in which participants are forced to use the inhibitory associations during the
transfer test may result in this test being more sensitive to detecting these associations than
the more deliberative causal ratings tasks.
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3.5.2 Inhibitory Stimuli Bias Action-Selection in Humans
In both experiments the inhibitors biased choice by shifting responding away from the action
associated with the outcome the inhibitor predicts the absence of, promoting responding
on the action associated with the alternate outcome. This reflected an opposing bias in
action-selection to that produced by the outcome-specific excitatory stimuli. Interestingly,
this pattern of results differs from the only previous attempt to examine the influence of
outcome-specific inhibitors on action-selection in humans. Alarco´n and Bonardi (2016) used
a somewhat similar feature-negative conditioned inhibition procedure, however they were un-
able to observe this clear pattern of reversal, with their outcome-specific inhibitors blunting
the expression of transfer promoted by the excitatory stimulus, but not producing significant
reversals in the direction of the bias. This may stem from some idiosyncratic features of the
training procedure used in this study. In particular, stimuli were not trained to predict the
delivery or absence of specific individual outcomes, but rather a number of outcomes within
a category of outcomes (i.e. a number of different beverages, or a number of different food
outcomes). In addition to this, Alarco´n and Bonardi (2016) only trained one conditioned
inhibitor, whereas we trained distinct inhibitors for each outcome. Although the association
between a stimulus and the delivery of a more conceptual outcome appears to be sufficient
for generating outcome-specific excitatory transfer, consistent with emerging literature that
this effect specific transfer is robust and able to be elicited with a range of outcomes (Lehner
et al., 2016), ranging from abstract (Nadler et al., 2011) to primary reinforcers (Quail et al.,
2017; Watson et al., 2014), difficulties observing the general transfer effects in humans high-
light the importance of the outcomes in the conditioning procedures. That the non-specific
outcome training procedures may promote general rather than outcome-specific inhibitory
associations is further confirmed through Alarco´n and Bonardi (2016) observing the inhibitor
decreased causal ratings of stimuli predicting both types of outcomes. By including two in-
hibitors associated with the absence of our two outcomes, our training procedure is likely
to have increased outcome discrimination and favoured the development of outcome-specific
inhibitors. However, similar to Alarco´n and Bonardi (2016), our attempts to confirm the
specificity of the inhibitory associations independent from the transfer test did not reveal
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any evidence of specificity.
Inhibitory Stimuli Fail to Elevate Action Above Baseline
As mentioned above, the outcome-specific properties of the inhibitors generated in the current
experiments were demonstrated in two ways: a) the ability of inhibitors to shift responses
away from actions earning an outcome predicted to be absent was observed in both experi-
ments, and b) the ability of inhibitor to elevate the performance of actions that predicted the
absence of the same outcome as the inhibitor above baseline, however this effect was only ob-
served in Experiment 2 and only in participants who reported learning the outcome-specific
inhibitory associations. Contrary to our expectations based on recent findings in rodents,
we did not observe this elevation of responding in the first experiment, or in the group as a
whole in the second experiment. We hypothesized that this may have been due to the lack of
experience with the individual inhibitors alone (Laurent & Balleine, 2015), or high levels of
baseline responding (Colagiuri & Lovibond, 2015; Delamater et al., 2003) - the latter likely
due to the nominal extinction procedure used in the transfer test in humans. Our second
experiment sought to address these issues by introducing compound cues and attempting to
reduce contextual conditioning. These changes failed to decrease baseline responding and,
more importantly, failed to reveal any increase in the effect of the inhibitors on elevating
responding. This pattern of responding is consistent with the inhibitory transfer effects ob-
served in rodents by Delamater et al. (2003). However, an increase in the rate of responding
relative to baseline was observed when we examined the nature of the inhibitory associations
reported. Participants who reported failing to learn the outcome-specific inhibitory associ-
ations displayed a general reduction of responding in the presence of the inhibitory stimuli
and no bias in response selection. In contrast, participants who reported learning about
the identity of the outcome prevented by the inhibitors displayed a bias in action-selection
driven by suppressing responding on the action associated with the alternate outcome, but
also crucially with elevating responding on the action associated with the alternate outcome.
This pattern of responding is close the complete reversal of the excitatory specific transfer
effect observed in the recent rodent findings (Laurent & Balleine, 2015).
An important difference of our finding to the prior research is that in these experiments
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our participants suppressed responding below baseline on the action associated with the in-
hibited outcome. In fact, a similar pattern of suppression was observed on the non-stimulus
promoted action during the excitors, and together these findings make the elevation of the
alternate action in the presence of the inhibitors in Specific Learners subgroup difficult to
interpret. With both actions available simultaneously in the transfer test in our task, the
elevation of responding on one action and suppression of responding on the other make dis-
tinguishing whether responding is driven by the stimulus promoting responding on a specific
action, or if it is driven by a decrease in response competition difficult. Therefore, interpreting
our results is less clear than those previously observed in the rodent literature.
3.5.3 Associative Mechanism of Inhibitory Transfer
Although the role of response competition in the inhibitory transfer results we observed re-
mains unclear, this explanation is not able to explain the rodent data because a) the rate
of baseline performance induced by ratio schedules, coupled with the effects of instrumental
extinction on that baseline, ensures that there is room for both actions to be performed above
(or below) baseline levels in the transfer test and b) more importantly, performance of re-
sponding does not drop below baseline - a finding that has important theoretical implications.
Recent explanations of the excitatory specific transfer effect (Balleine & Ostlund, 2007) have
involved a stimulus-outcome-response (S→ O→ R) scheme that emphasizes the involvement
of excitatory relationships established during both instrumental (R1 → O1; R2 → O2) and
Pavlovian (S1→ O1; S2→ O2) training. According to this theory, presentation of a stimulus
(S1) retrieves information about the specific sensory features of the outcome that it predicts
(O1) and, via that information, the response (R1) that also predicted that response (S1 →
O1 → R1). However, this theory is unable to explain the ability of the inhibitory stimuli
to elevate responding on an action earning a different outcome above baseline without any
influence on performance of the other action. As the action promoted by an outcome-specific
inhibitor is associated with a different outcome from that associated with the inhibitor there
are no shared outcome-specific associations between the inhibitor and the action to drive in-
creased performance. To address this, Laurent and Balleine (2015) proposed that inhibitory
R-O associations develop during instrumental training and that these associations are in-
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volved in guiding choice in the presence of conditioned inhibitors. Although traditionally
only the excitatory associations between actions and the outcomes they deliver have been
considered to influence choice, when multiple response-outcome pairings are trained, perfor-
mance of one action could not only come to predict the delivery of its associated outcome
(e.g. R1 → O1) but also its failure to deliver other outcomes (e.g. R1 → noO2). The devel-
opment of inhibitory response-outcome associations could then then result in the inhibitors
having a shared outcome-specific association between the stimulus and response; for example,
if R1 → noO2 and S4 → noO2, then following S-O-R theory, S4 should elevate R1. This
has been observed in rodents (Laurent & Balleine, 2015; Laurent et al., 2015), but was only
observed in a subset of participants in the current study and not without ambiguity, as noted
previously. However, that we see a higher rate of responding on the action associated with
the non-absent outcome in the Specific Learners compared to the General Learners, suggests
that this mechanism could contribute to the lack of suppression on this action in the Specific
Learners. An alternate mechanism for the bias in action-selection produced by the inhibitory
stimuli has been proposed by Delamater et al. (2003), whose findings regarding the influence
of outcome-specific inhibitors on instrumental responding produced a pattern of respond-
ing similar to that observed in the current experiments. Delamater et al. (2003) proposed
a suppressed outcome representation model to explain the ability of a stimulus associated
with the absence of a specific outcome to bias choice, through suppressing responding on the
action associated with the prevented outcome below baseline. This model suggests that the
inhibitory stimulus is able to suppress an outcome representation with which it has entered
into (inhibitory) association, and through this influence responding in a manner similar to
the mechanism proposed by the S-O-R model.
Differential Conditioning and Inhibitory Stimulus-Outcome Associations
Although, as highlighted above, the evidence for the development and influence of inhibitory
action-outcome associations in humans remains unclear, our attempts to separately examine
the inhibitory associations unexpectedly provided evidence for the development of inhibitory
stimulus-outcome associations in a similar manner to proposed inhibitory action-outcome
associations. In both the retardation-of-acquisition and summation tests, stimuli that had
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come to predict the delivery of the outcome paired during training also came to be associated
with the prevention of the outcome they were unpaired with. This evidence of differential
conditioning suggests that, with the similarities between causal attributions between action
and stimulus learning in humans, inhibitory action-outcome associations may be developed
similarly in humans and that tests separate to the transfer test may clarify their existence if
their influence on action remains ambiguous in the transfer test.
3.5.4 Difficulties Assessing Inhibition
Our findings regarding conditioned inhibitors and their influence on action-selection provide
evidence for both the development and use of the outcome-specific inhibitory associations in
a similar manner to the established rodents, however our attempts to confirm the nature of
the inhibitory stimuli were less successful. Traditionally in the animal literature, tasks in-
volving conditioned inhibition require the inhibitory nature of the stimuli to be demonstrated
separately to distinguish decreased conditioned responding driven by conditioned inhibition
from an absence of learning. In our attempts to replicate this approach we failed to detect an
influence of inhibition in the retardation test, and did not observe any evidence of outcome-
specificity in the influence of the inhibitory stimuli on causal ratings in the summation test.
The Influence of Inhibitory Associations on Novel Compounds
The pattern of results obtained in Alarco´n and Bonardi (2016) may provide insight into the
divergence between the nature of the inhibitory associations observed in our transfer test and
in our independent assessments of inhibition. Contrary to our expectations, we did not see ev-
idence for similar inhibitory associations across our transfer test and independent assessments
of inhibition. Although some of this may stem from task protocols and parameters that have
not yet been optimized in our novel inhibition tests, this may reflect a more important aspect
of the nature of the inhibitory associations participants develop during feature-negative con-
ditioned inhibition. The finding of inhibitory stimuli blunting the expression of excitatory
stimuli by Alarco´n and Bonardi (2016) differs from the prior animal research and our findings,
however their transfer test also differs from these studies in a crucial manner. The inhibitory
stimuli were not presented individually, or in the compounds experienced in the training as
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in Laurent and Balleine (2015) and the current experiments. Rather, they were presented
in compound with novel excitatory stimuli - a combination that had not been experienced
during training. Although the ability for an inhibitor to decrease conditioned responding to
an excitor that it had not been experienced with is a key criteria for confirming inhibitory
conditioning, as is reflected in the designs of the retardation-of-acquisition and summation
tests, there may be differences between learning about the inhibitory stimuli and the influ-
ence of this inhibitory association to an existing excitatory relationship. This appears to
be consistent with our summation test results from Experiment 2, in which the inhibitors
decreased the causal ratings of a novel excitor regardless of whether it predicted the delivery
of the outcome the inhibitor had previously been trained to prevent or not. Furthermore,
in our Incongruent compounds, which a novel combination of previously experienced exci-
tors and inhibitors was presented, we saw the excitatory specific transfer bias, however the
magnitude of this effect was blunted relative to the effect observed in the excitors alone. In
fear conditioning procedures, it has been demonstrated that assumptions about the way in
which individual stimuli interact when presented together can influence learning and causal
ratings (Mitchell & Lovibond, 2002). This suggests that in addition to the inhibitors pre-
dicting the absence of outcome, participants are also able to generate relationships between
the stimuli in compounds. Different tasks assessing inhibition may reflect different aspects
of this inhibitory learning.
3.5.5 Limitations & Future Directions
In addition to the high baseline, there are other potential reasons why these experiments were
unable to detect inhibitor promoted action. First, we developed a control stimulus in this
study (N) by presenting it with both excitors and inhibitors so as to render it associatively
neutral. The presence of the common stimulus may, however, had unintended consequences,
perhaps by providing a basis for generalization between the stimuli and their predictions,
thereby weakening our effects, or by decreasing discrimination between the trial-unique pre-
dictions. Although the failure of the neutral stimuli to consistently generate any excitatory
or inhibitory effects makes this claim somewhat less likely.
A larger limitation was that, contrary to our intentions, a subset of participants in each
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experiment did not learn the outcome-specific inhibitory associations intended. Although
we were able to observe distinct patterns of responding in the learner subgroups, consistent
with theoretical predictions, the heterogeneity makes further analysis of the specific learners
difficult. With a conditioning paradigm that is more effective, baseline analyses such as those
demonstrated in Chapter 2 could be performed, allowing us to examine if in participants
who learned the appropriate outcome-specific inhibitory associations and responded at a low
baseline level demonstrated the elevation driven by inhibitors.
This failure to consistently generate outcome-specific inhibitory stimuli may stem from a
number of features of our conditioning procedure. As highlighted above, the neutral stimulus
common to all stimuli presentations may have promoted generalization, however this does
not appear to be a significant driving factor. Consistent with previous studies of feature-
negative conditioned inhibition, we presented our non-reinforced compounds simultaneously -
a procedure that has been suggested to generate inhibitory associations between the inhibitor
and the representation of the outcome (Rescorla & Holland, 1977). However aspects of the
visual design of our computer task may have influenced processing of the stimuli, interfering
with this desired inhibitory association from being developed in the manner we intended.
In contrast to the animal literature, in which the stimuli used in compound (i.e. light and
tone) are clearly distinct, in our conditioning task the two stimuli were different colours of
lights presented within the same image of the vending machine. Understanding how our task
design may influence the nature of the inhibitory associations developed, and how this can
be addressed to promote the development of outcome-specific inhibitory associations is key
for further research clarifying inhibitory stimulus promoted action in humans.
3.5.6 Conclusion
The ability of external stimuli to bias choice in humans has been an area of increasing in-
terest, with emerging evidence implicating dysfunctions in stimulus-based action selection
in a range of clinical disorders (Garbusow et al., 2015; Hogarth & Chase, 2011; Morris et
al., 2015). However our understanding of the associative mechanism driving this effect has
been unclear and incomplete. The experiments in this chapter expands our understanding of
stimulus-based choice in humans by providing the first evidence that stimuli predicting the
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absence of a specific outcome can influence response selection and promote responding in an
opposing manner to excitatory stimuli. Additionally, these findings have general implications
for our understanding of decision making in humans. Whereas models of reinforcement learn-
ing propose that response selection is determined by the respective excitatory associations
between actions and their outcomes (Daw et al., 2005), the current study suggests that, like
rodents, we use representations of what and responses predict in addition to what they do
not predict to guide choice.
Chapter 4
The Development and Assessment
of Outcome-Specific Inhibitory
Associations
4.1 Introduction
The ability for feature-negative (FN) conditioned inhibition to generate Pavlovian inhibitors
in humans was clearly established in Chapter 3, however a number of questions remain
regarding the nature of the inhibitory association generated through this process and the
ability for this inhibition to be detected through traditional tests of inhibition. Contrary
to our expectations, using a FN design that had successfully generated outcome-specific in-
hibitors in rodents (Laurent & Balleine, 2015) we did not observe these specific inhibitory
associations reported in all participants, with a subset of our participants reporting learn-
ing that the inhibitors prevented outcome delivery more generally. Furthermore, that these
subgroups displayed distinct patterns of responding in the presence of these stimuli during
the transfer test demonstrates that this conditioning procedure was able to generate distinct
sensory-specific and motivational associations. Although the factors driving these distinct
patterns of learning are unclear, there remains much debate regarding the associative mech-
anism driving learning about compound stimuli more generally. Through understanding the
factors that influence the way in which animals and humans learn about compound stimuli
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and the way in which this learning can be detected, the differences in learning produced by
our FN conditioned inhibition procedure can be more clearly examined.
4.1.1 The Nature of the Inhibitory Pavlovian Associations
In contrast to the development of excitatory Pavlovian associations, in which the associa-
tion between the CS and the sensory-specific and general motivational features of the US
has been clearly developed (see Delamater and Oakeshott (2007)), the content of inhibitory
Pavlovian associations is less clear. The ability for conditioned inhibitors to suppress the
CR has been proposed to be driven by suppressing the representation of the US (Rescorla &
Holland, 1977), with this suppression being selective to the general affective valence of the
US. That is, stimuli that have been trained to predict the absence of a specific type of US
(i.e. shock), are able to transfer their inhibition to other CSs predicting the same type of
US, but not CSs associated with an affectively distinct outcome (i.e. food). However, the
extent to which sensory-specific information of the US is included in the inhibitory associ-
ations has been unclear. Konorski (1967) proposed that conditioned inhibition resulted in
associations between internal CS and No-US representations, with the sensory-specific and
general motivational aspects of the No-US represented separately. Evidence demonstrating
that, at least under certain conditioning procedures, sensory-specific information regarding
the prevented US is acquired during inhibitory conditioning has been demonstrated through
outcome-specific sPIT effects elicited by inhibitory stimuli (Delamater et al., 2003; Laurent
& Balleine, 2015; Laurent et al., 2015). As these studies use distinct outcomes that share the
general motivational value (i.e. two food outcomes), inhibitory associations that are gener-
ated between a CS and the internal state that is generated by the unexpected omission of the
US are not sufficient to explain the ability of inhibitory stimuli to either selectively suppress
(Delamater et al., 2003) or promote (Laurent & Balleine, 2015; Laurent et al., 2015) actions
in a way that reverses the bias observed during excitatory sPIT. Our results in Chapter 3
provide the first evidence of sensory-specific inhibitory associations in humans; however the
variation in the inhibitory associations acquired by participants, and the inability to detect
this outcome-specific inhibition using tasks traditionally used to confirm inhibition (Rescorla,
1969) highlights the need for further research into the content of inhibitory associations in
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humans, and the conditions influencing their acquisition.
4.1.2 Theories of Compound Stimulus Processing
In addition to understanding the content of CS-US associations, the way in which the CS is
represented in this learning has also been an area of much research. Although the represen-
tation of a single stimulus that is paired with a US is straightforward, understanding the way
in which compound stimuli that consist of multiple stimuli are processed and represented
has been less clear. This is particularly important for understanding the learning that occurs
during FN conditioned inhibition, in which a single stimulus predicts outcome delivery, but a
compound stimulus does not. In particular, two major theories regarding stimulus processing
differ not only in the nature of the inhibitory associations that are proposed to develop using
this procedure, they also make divergent predictions about the influence these conditioned
inhibitors are able to produce in independent tests of inhibition.
Elemental Processing
The Rescorla-Wagner model (Rescorla & Wagner, 1972) proposes that in order for learn-
ing to occur there must be a discrepancy between the predicted and experienced outcomes,
with this prediction error driving learning. This model clearly accounts for learning between
a single CS-US pairing, when substantial learning occurs early in conditioning where this
discrepancy is high, and coming to an asymptote as the CS comes to fully predict the de-
livery of the US. When addressing learning about compounds in which multiple stimuli are
present (i.e. AB), the Rescorla-Wagner model treats each stimulus within the compound
separately (i.e. A, B), with the associative strength of the compound as a whole reflecting
the sum of the associative strength of the individual elements (i.e. A + B). Observations
that the CR elicited by novel compounds of trained stimuli reflects the summation of indi-
vidual elements supports this elemental processing theory (Rescorla, 1997), and evidence of
summation in causal learning tasks providing evidence for elemental processing in humans
(Collins & Shanks, 2006). However, this simple elemental model fails to accurately predict
more complex learning phenomena such as negative patterning, Wagner and Rescorla (1972)
extended their initial model though proposing that a representation of the compound (i.e.
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AB) is also able to enter into associations with the outcome.
Configural Processing
A less popular, but still influential, account of conditioning proposes that compound stimuli
are treated as distinct stimuli, rather than the sum of its constituent elements, and that these
compounds as a whole become associated with the US. Pearce (1987) proposes that compound
stimuli are processes as a pattern of stimuli, and that the ability for a compound to elicit a CR
is driven by generalization and the similarity between the presented and trained patterns of
stimuli. In particular, configural theories of stimulus processing predict that discrimination
between two patterns of stimuli will be more difficult the more similar these patterns of
stimuli are, whilst elemental theories predict the opposite. Evidence regarding the influence of
similarity on stimulus discrimination supports this theory of configural processing (Redhead
& Pearce, 1995, 1998) Furthermore, in humans tasks assessing feature positive (Baeyens,
Vansteenwegen, Hermans, Vervliet, & Eelen, 2001) and feature negative (Baeyens et al.,
2004) discriminations demonstrated conditioned suppression effects consistent with configural
processing, with Shanks, Charles, Darby, and Azmi (1998) suggesting that humans may be
resistant to using elemental processes when multiple stimuli are presented simultaneously.
Factors Influencing Elemental or Configural Stimulus Processing
As highlighted above, despite elemental and configural theories making clear and distinct
predictions about the patterns of CR, support for both theories has been found in both
humans and rodents. This suggests that stimulus processing can be flexible, with elemental
or configural processes used dependent on the stimuli or task demands (seeMelchers, Shanks,
and Lachnit (2008) for a review). In rodents, evidence for elemental processing is strongest
when the stimuli used in compound come from different modalities (e.g. tone, light) (Myers,
Vogel, Shin, & Wagner, 2001; Rescorla, 1997), whereas studies in pigeons in which stimuli
from the same modality (e.g. different colored key lights) are used fail to reveal summation,
a pattern of responding consistent with configural processing. Wagner (2003) suggests that
the nature of the stimulus used in compound conditioning influences the manner in which
these stimuli are processed, as multiple stimuli from the same sensory modality are more
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likely to be experienced as a unique or novel stimulus.
This flexibility in stimulus processing has also been demonstrated in studies of human
associative learning, most commonly through causal learning tasks. As humans have been
demonstrated to successfully solve discriminations that require elemental (Van Hamme &
Wasserman, 1994) or configural processing (Shanks et al., 1998), it is clear that the processing
used is sensitive to task demands. However, in tasks in which both elemental and configural
processes can be used to solve a discrimination, the type of processing used by participants can
be influenced by previous experience with configural or elemental discriminations, with pre-
training that encouraged either promoting elemental or configural discriminations influencing
later processing in a task that could be solved through either process (Williams et al., 1986).
More importantly in considering the translation of tasks assessing associative learning from
rodents to humans, factors regarding the task presentation and framing can influence the
process of learning. In contrast to the non-human research, the tasks assessing conditioning
in humans tend to use compounds with stimuli that share a modality (e.g. different images on
a computer screen). However, the differences in the presentation of the visual stimuli within
a compound have been found to influence stimulus processing. Both Livesey and Boakes
(2004) and Liljeholm and Balleine (2009) have demonstrated that the visual distinctiveness of
stimuli presented within a compound influences learning about the within-compound stimuli.
Stimuli presented that are visually separated were processed elementally, whereas the same
conditioning procedure using compound stimuli in which the individual elements were merged
into a single cue resulted in configural processing (Livesey & Boakes, 2004). This pattern was
also observed when the physical similarity of the stimuli were manipulated, with compound
stimuli in which the elements were visually joined by a common contour being processed in a
configural manner (Liljeholm & Balleine, 2009). Additionally, the nature of the stimuli used
in a task has been found to influence stimulus processing, with the commonly used allergist
task in which different foods are used as stimuli predicting the occurrence of an allergic
reaction being more likely to produce elemental learning than tasks involving less familiar
stimuli, such as a stock market task, more likely to produce configural learning (Melchers,
U¨ngo¨r, & Lachnit, 2005). Liljeholm and Balleine (2009) argue that these allergist tasks may
influence the nature of learning due to generalization across the stimuli experienced. As
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participants are familiar with the distinct food items used, participants are more likely to
treat each stimulus as independently influencing the likelihood of outcome occurrence than
novel cues with which they are less familiar.
4.1.3 Generating & Assessing the Acquisition of Pavlovian Associations in
Humans
In the animal literature, the ability to generate and assess the acquisition of Pavlovian asso-
ciations is relatively straightforward, with Pavlovian conditioning procedures and the direct
assessment of CRs relatively consistent across experimental tasks and laboratories. How-
ever, due to logistical reasons the assessment of Pavlovian conditioning in humans has been
more variable. The direct assessment of CRs has been used to examine conditioning in some
protocols, with aversive shock conditioning allowing for direct measures of CRs such as skin
conductance (Grillon & Ameli, 2001) or startle (Grillon & Davis, 1997) to be assessed. How-
ever, ethical and logistical constraints limit the use of these aversive conditioning procedures
to examine conditioning phenomena more widely. As a result of this, many tasks examining
associative learning in humans have employed causal rating tasks, in which participants are
asked to explicitly predict and rate the strength of CS-US relationship. The validity of us-
ing causal ratings to assess associative strength was initially demonstrated by Dickinson et
al. (1984), who observed that causal ratings tracked the associative strength of R-O contin-
gencies, suggesting that a common associative process could underlie both processes. These
parallels have also been demonstrated in causal ratings of CS-US pairings, with similar factors
influencing stimulus processing as assessed through conditioned responding in rodents and
causal ratings in humans (Melchers et al., 2008). Although many of the causal rating tasks
highlighted above have focused on assessing the discrimination between stimuli predicting
the delivery or absence of outcome, the ability to clearly detect conditioned inhibition in a
similar manner to the rodent literature using causal rating tasks has not been as success-
ful. Although conditioned inhibition has been demonstrated through causal learning tasks
(Karazinov & Boakes, 2004; Lee & Livesey, 2012), an attempt to detect outcome-specific in-
hibition through causal ratings in a summation test was not successful (Alarco´n & Bonardi,
2016), however this may reflect the unusual stimuli used as outcomes in this example than
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the assessment procedure used.
Despite the replication of a number of conditioning phenomena using causal learning
tasks in humans, the use of explicit judgments by participants as a measure of associative
strength may be problematic, particularly regarding the acquisition of these CS-US associ-
ations in a similar manner to the rodent literature. Although conditioning procedures such
as those used in Lovibond and Colagiuri (2013), in which the pairings of CSs and food out-
comes are directly experienced by participants in a similar manner to the rodent conditioning
procedures, the associative strength of these CS-US associations are not able to be directly
assessed during acquisition due to the lack of a clearly defined CR in these human tasks.
To address this a number of conditioning procedures have been developed that allow for
a more direct assessment of learning in humans without requiring explicit causal ratings.
These tasks frame the conditioning procedures as part of a computer game that requires
participants to make responses in order to earn points. Acquisition of a CS-US association
can be assessed by measuring response time in response to a CS (Forrest et al., 2016), or
through cursor-tracking reflecting the outcome expectancy (Thorwart, Uengoer, Livesey, &
Harris, 2017), however these tasks require the inclusion of additional tasks to divert attention
from the conditioning procedure within the game. One approach that allows for the assess-
ment of the acquisition of responding without including additional tasks is that developed by
Thorwart et al. (2017) which involves an operant conditioning procedure. In these tasks the
acquisition of Pavlovian discriminations can be assessed through the influence these stimuli
have on a freely made instrumental action in a discrimination situation (Arcediano, 1996).
This operant conditioning task has been used to demonstrate feature-negative discrimina-
tion, with aversively-paired stimuli suppressing responding and unpaired compound stimuli
leaving responding intact (Baeyens et al., 2004). This demonstrates that, at least in the
context of an aversive conditioning procedure, active operant conditioning procedures allow
for the acquisition of Pavlovian associations to be assessed directly, and without the potential
confounds of explicit prompting that assessments of causal ratings produce.
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4.1.4 Aims of Chapter 4
The experiments in this chapter aimed to expand on our initial demonstrations of conditioned
inhibition in Chapter 3, to examine the factors that influence the nature of inhibitory asso-
ciation acquired by participants, and to determine if this inhibition can be detected through
tasks traditionally used to confirm inhibitory associations. In Chapter 3 we were able to
demonstrate inhibition through the influence of conditioned inhibitors on instrumental ac-
tion in a transfer test, however we were unable to examine the acquisition of these inhibitory
associations or confirm inhibition through the traditional retardation and summation tests
outlined in Rescorla (1969). Additionally, the self-report measures of Pavlovian contingencies
suggested that our conditioning procedure was not successful in generating outcome-specific
inhibitory associations in all participants. The experiments in this chapter aimed to address
these limitations by focusing on examining feature-negative conditioned inhibition separately
from the other stages of the transfer test. These experiments aimed to demonstrate, in sim-
ilar manner to Baeyens et al. (2004), that an operant conditioning procedure can generate
and detect the acquisition of inhibitory stimuli generated using a FN conditioned inhibition
procedure. Additionally, these experiments aimed to confirm that inhibition can be detected
in humans using a summation test and to examine if the experience of the conditioning pro-
cedure and the visual presentation of compound stimuli influenced the ability to generate
and detect outcome-specific inhibition.
4.2 Experiment 1
As has been demonstrated in Chapter 3, adapting the excitatory Pavlovian conditioning pro-
cedure used in Chapter 2 and previous experiments using the vending machine task (Morris et
al., 2015; Quail et al., 2017) allowed inhibitory stimuli to be generated through FN conditioned
inhibition. However, despite these stimuli influencing instrumental responding on a transfer
test we were unable to confirm inhibition independently through retardation or summation
tests. Additionally, we were unable to consistently generate the outcome-specific inhibitory
associations observed in Laurent and Balleine (2015), from which this conditioning procedure
was adapted. Our difficulty in replicating the conditioning observed in rodents highlights the
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need for further research into FN conditioned inhibition, and the influence of task-specific
factors that differ between the rodent and human conditioning procedures on the ability to
generate outcome-specific inhibitory associations. One major difference in the experience of
FN conditioned inhibition between the rodent and human procedures involves the engagement
and experience of outcomes and their absence during conditioning. In rodent conditioning
tasks animals directly experience outcome delivery, making the unexpected absence of those
outcomes very salient. In the feature-negative procedure used in Chapter 3, participants did
not directly experience the outcomes and were not able to make any responses reflecting the
expectancy of reward. This passive conditioning procedure may have made it more difficult
for participants to discriminate between the non-delivery of outcomes during the ITI peri-
ods and the unexpected absence of outcomes during the compound stimuli. To address this,
we developed a novel operant conditioning procedure similar to Arcediano (1996), in which
participants were required to make checking responses to determine if an outcome had been
delivered, and to collect that outcome. Through introducing a checking response similar to
the magazine entry assessed in the rodent literature allows for the acquisition of inhibition to
be observed through the differences in rate of CRs made in the presence of the reward-paired
stimuli and unpaired compounds. If the engagement of participants in the conditioning pro-
cedure was influencing learning about the absence of the outcome and therefore the nature of
the inhibitory associations acquired, introducing a more active conditioning procedure similar
to that used in rodents should result in clear evidence of outcome-specific inhibition detected
in the summation test. However, recent research has demonstrated that increasing participant
engagement in basic psychological experiments through the addition of game-like features does
not influence the quality of data obtained (Hawkins, Rae, Nesbitt, & Brown, 2013), in which
case the non-specific inhibition demonstrated in the Chapter 3 Experiment 2 summation test
would be replicated.
An additional task-specific factor that differs from the rodent conditioning procedure re-
lates to the visual presentation of stimuli. The compound stimuli used in our FN condition-
ing procedure consisted of elements from a shared modality (i.e. different colours) and were
visually presented within a coherent single element (i.e. within the image of the vending
machine). These are both factors that have been demonstrated to promote configural rather
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than elemental processing of compound stimuli (see Melchers et al. (2008)). Furthermore,
the two outcome-specific stimuli (S1/S2) and inhibitors (S3/S4) shared spatial organizational
features with both excitors presented in the top row of the vending machine, and both in-
hibitors presented on the bottom row, which may enhance generalization between our stimuli
and compounds. Although this stimulus generalization has typically been considered as re-
lated to elements within a compound, in our outcome-specific FN conditioning procedure gen-
eralization between compounds may impair the ability to acquire outcome-specific inhibitory
associations, instead promoting general inhibitory learning. Therefore, this experiment also
examined the influence of the spatial organization of compound stimuli in the summation test
to determine if shared spatial features between the different excitors and inhibitors generated
learning about this feature.
4.2.1 Methods
Participants
27 participants (17 females) were recruited from the University of Sydney first-year psychol-
ogy participant pool. The mean age was 19.96 (SD: 2.92). All participants had normal or
corrected vision. All participant provided written informed consent according to the approval
requirements of the Human Research Ethics Committee of the University of Sydney.
Materials
Testing was performed on a Mac laptop. The materials used were the same as outlined in
Chapter 3.
Procedure
Conditioned Inhibition Training The feature-negative conditioned inhibition training
was adapted from that outlined in Chapter 3 Experiment 2. The previous use of conditioned
inhibition training was a passive procedure, where participants observed the relationship
between stimuli and outcomes. This experiment used the same feature-negative conditioned
procedure as outlined in Chapter 3, but added an active component where participants were
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required to check inside a ‘delivery box’ underneath the vending machine to see whether an
outcome had been delivered, and then collect that outcome.
Pre-training Participants were introduced to the responses used to check for and col-
lect the outcomes prior to the feature-negative conditioned inhibition training. The outcome
used in this pre-training was distinct from the two outcomes used during the conditioning
task. There were two stages. During the checking procedure, the ‘delivery box’ underneath
the vending machine was closed, which was presented as a filled in rectangle. Participants
were trained to press the ‘space’ bar to check inside the ‘delivery box’, represented by an
outlined border of a rectangle. The outcome presentation was the same as in the previous
experiments, however if the participant had not checked the ‘delivery box’ the image was
presented behind the rectangle, and thus was not visible. Participants were trained to press
the ‘down’ key to ‘collect’ the image of the outcome, at which point the image disappeared.
Feature-negative Conditioned Inhibition The active checking feature-negative con-
ditioned inhibition task was illustrated in Figure 4.1. The same procedure as in Chapter 3
was used, with the two excitors presented intermixed for the first four presentations (i.e.
ABBABAAB) (see Table 4.1 for a summary). Following this the compounds and individual
stimuli were presented intermixed, until each was presented for a total of 14 times. As in
both experiments in Chapter 3, both excitors (A,B) appeared on the top row of image of the
vending machine, and both inhibitors (C,D) appeared on the bottom row of the image of the
vending machine. The neutral stimulus (N) was displayed in the middle row of the image
of the vending machine during all stimulus presentations (see Figure 4.1). The ITI was 30s.
The CS were presented for 5s. The onset of the outcome was 2 after the onset of the CS, and
was presented until the end of the CS or until the participant ‘collected’ the outcome. When
participants checked the delivery box, the open box was presented for 3s, with a time-out
period for responses for .5s after that response.
Summation Test The summation test procedure outlined in Chapter 3 Experiment 2
was expanded in this experiment (see Table 4.2 for a summary of the task design). We
assessed the causal ratings of the novel excitors, and to probe inhibitory learning regarding
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A B
Figure 4.1: Illustration of the active Pavlovian conditioning task. A) During the pres-
ence of the excitors, checking revealed the delivery of an outcome. B) When the compound
cues were present, checking did not reveal any outcomes.
Table 4.1: Feature-Negative Conditioning design. First, the presentations of two stimuli
were paired with the delivery of two distinct outcomes. After this initial experience of the
excitors alone, compound stimuli which consisted of an excitor and a novel stimuli were
presented. Presentations of these compound stimuli were associated with no outcomes being
delivered. Additionally, a neutral stimulus was presented in compound with both excitors
and compound stimuli.
Stage 1 Stage 2
S1N - O1 S1N - O1
S2N - O2 S2N - O2
S1NS3 - No O
S2NS4 - No O
Note: S1/S2: Trained Excitors; S3/S4: Trained Inhibitors; N: Neutral Stimulus
the location of inhibitor within the compound we assessed the influence of inhibitor location
on causal ratings in addition to this stimulus, with the inhibitor either presented in the same
location within the compound as it had been experienced during training (Consistent Novel
Compounds) or in the location that the excitor had been presented in within the compound
during training (Inconsistent Novel Compounds). The same rating scales as in Chapter 3
Experiment 2 were used for this experiment.
Statistical Analyses
Feature-negative Conditioning To analyze the development of conditioned responding,
the two individual stimuli (S1, S2) and two compounds (S1S3, S2S4) were averaged to ex-
amine responding related to Excitors and Inhibitors respectively. The Pre-CS period was
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Table 4.2: Summation Test design. In this task stimuli that had been trained to predict
the absence of a specific outcome were presented in compound with Novel Excitors that
predicted the delivery of that same specific outcome (Novel Congruent Compounds) or the
alternate outcome (Novel Incongruent compounds), to examine outcome-specific inhibition
through the influence of the inhibitor on causal ratings.
Trained Stimuli Ratings Novel Excitor Training Summation Test Ratings
S1 N1 → O1 Novel Congruent Stimuli N1S3
S2 N2 → O2 N2S4
S3 Novel Incongruent Stimuli N1S4
S4 N2S3
Novel Excitors N1
N2
Note: S1 - O1; S2 - O2; S3 - No O1; S4 - No O2
defined as the 5 seconds prior to the CS onset - the same length as the presentation of the
CS. A within-subjects ANOVA of stimulus (Excitor, Inhibitor),Time (Pre-CS, CS) and Trial
was performed. To further examine the learning over the course of this conditioning tests, 2x2
ANOVAs of Stimulus (Excitor, Inhibitor) and Time (Pre-CS, CS) on the rate of responding
during the first and final presentations of these stimuli. Follow-up paired t-tests were then
performed to clarify the nature of any potential effects.
Summation Test For the Trained Excitors and Inhibitors, evidence of outcome-specific
associations was examined using paired t-tests to compare the causal ratings regarding the
Paired and Unpaired outcome for each stimulus type. In addition to this, we obtained causal
ratings of the Novel Excitors, which were compared to the zero non-predictive score using one-
sample t-tests. For the crucial novel compounds, consisting of a novel excitor and a trained
inhibitor we first assessed outcome-specific inhibition through a 3-way repeated measures
ANOVA of Compound Type (Congruent, Incongruent), Outcome (Paired, Unpaired), and
Location (Consistent, Inconsistent) on causal ratings. To more clearly examine the changes
in causal ratings produced by the inhibitors, we extracted the causal ratings for the paired
outcomes, and consistent location only, to compare ratings for the Novel Excitor and the
Incongruent Compound and Congruent Compound. Paired t-tests were used to compare
these stimuli, and for the novel inhibitor compounds, one-sample t-tests were performed to
compare these ratings to the non-predictive zero score to determine if they were rated as
significantly below zero (and thus, significantly preventative).
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4.2.2 Results
Hunger and Pleasantness Ratings
Participants pre-testing ratings of hunger and pleasantness of the outcomes used in this
experiment are shown in Table 4.3. Participants were moderately hungry, and both outcomes
were on average rated higher than the neutral score (4) on the rating scale.
Table 4.3: Ratings of participant hunger and the pleasantness of the different outcomes in
Experiment 1.
Hunger M&Ms BBQ Shapes
6.25 (SD : 2.07) 5.81(SD : 1.30) 5.07(SD : 0.96)
Conditioned Inhibition Training
The rate of ‘magazine checking’ during the Pre-CS and CS periods of the Excitors and
Inhibitors is shown in Figure 4.2, clearly illustrating the acquisition of the discrimination
between the individual reward-paired excitors and the compound stimuli that did not predict
outcome delivery. Across testing, the influence of the stimulus presentation on the rate of
checking compared to the baseline Pre-CS rate was found to differ between the cue types
(Cue x Time; F (1, 26) = 22.66, p < .001), with the presentation of the Excitors resulting
in a larger increase in the rate of checking responses from baseline than the presentation
of the Inhibitor compounds. Furthermore, the difference in these stimuli on influencing
the rate of responding differed across the duration of training (Cue x Time x Presentation;
F (13, 338) = 49.2, p < .001), reflecting the acquisition of the discrimination between the
Excitors and Inhibitors. Interestingly, the rate of checking during the first presentations of
the Inhibitors was found to be significantly higher than the rate of checking during the first
presentations of the Excitors (paired t-test; t(26) = -5.428, p < .001), which may reflect
the unexpected absence of outcome that the addition of the inhibitor in compound with
the already experienced excitor produces. Finally, the ability of this training procedure to
generate feature-negative conditioned inhibition was seen through the higher rate of checking
observed in the final presentation of the stimuli (paired t-test; t(26) = 16, p < .001) reflecting
successful discrimination between the reward-paired Excitors and the Inhibitory compounds
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that were not associated with outcome-delivery. This is further supported through the lack
of difference in checking from Pre-CS to CS periods in the presence of the inhibitors in the
final presentation trial (paired t-test; t(26) = 1.294, p > .05)
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Figure 4.2: Magazine checking rates over feature-negative conditioned inhibition
training. After an initial increase in expectation of reward, participants decreased their
conditioned responding in the presence of inhibitory compounds over the course of training.
Error bars are ± SEM.
Summation Test
Trained Stimuli The causal ratings regarding the predictive relationship between the
trained Excitors and Inhibitors and both the outcomes they had been paired or not paired
with during training are shown in Figure 4.3A. Clear evidence for the specificity of the
excitatory associations was established, as the Excitors were rated as significantly more
predictive of the outcome that they had been paired with during training than their alternate
unpaired outcome (t(26) = 8.683, p < .001). Ratings regarding the relationship between
Excitors and their paired outcomes were found to be significantly greater than zero (one
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sample t-test; t(26) = 8.7949, p = < .001), reflecting a predictive relationship between that
stimulus-outcome pair. The causal ratings regarding the Excitors and the outcome paired
with the other excitor (i.e. Unpaired; S1 and O2, S2 and O1) was found to be significantly
lower than zero (one sample t-test; t(26) = -4.5022, p < .001), indicating that the causal
ratings reflected a preventative relationship between the Excitors and the Unpaired outcomes.
In contrast, no evidence of outcome-specificity in the inhibitory associations was found, with
causal ratings for the Inhibitors not found to differ between the Paired and Unpaired outcomes
(paired t-test; t(26) = -1.7141, p > .05). However, the causal ratings for the Inhibitors were
found to be significantly lower than zero for both the Paired (t(26) = -5.8747, p < .001) and
Unpaired (t(26) = -3.0905, p = .00472) outcomes, reflecting that participants had learned
that the Inhibitors were preventative of the delivery of both outcomes.
Novel Excitors The causal ratings regarding the predictive relationship between the Novel
Excitors and the two outcome types are shown in Figure 4.3B. As with the excitors trained
during feature-negative conditioned inhibition, the Novel Excitors trained in the summation
test were rated as more predictive of the outcome they had been paired with than the alternate
outcome (paired t-test; t(26) = 8.1631, p < .001). As with the Trained Excitors, the causal
ratings regarding the relationship between the Novel Excitors and their Paired outcomes
were significantly greater than zero (one-sample t-test; t(26) = 12.176, p < .001), reflecting a
predictive relationship, whereas the ratings regarding the Unpaired outcomes were found to
be significantly lower than zero (one-sample t-test; t(26) = -3.0905, p = .00472), reflecting a
preventative relationship.
Novel Summation Compounds To examine the nature of the inhibitory associations es-
tablished during feature-negative conditioned inhibition training, the causal ratings of most
interest were novel summation compounds that consisted of a novel excitor and trained in-
hibitor presented together in compound (see Figure 4.4). Across all compounds, causal rat-
ings were lower for the outcome not-paired with the within-compound novel excitor compared
to the paired outcome (Main effect of Outcome; F (1,26) = 16.82, p < .001). Additionally,
the spatial location of the inhibitor was found to influence causal ratings (Main effect of
Location; F (1,26) = 13.06, p = .00127) indicating that compounds in which the inhibitor
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Figure 4.3: Causal ratings of the trained Excitors, Inhibitors and Novel Excitors.
A) Although clear specificity in the causal ratings were observed for the trained Excitors, no
difference in causal ratings were found for between the predictive relationship of Inhibitors
to the outcome they had been trained to prevent and the alternate outcome. B) The Novel
Excitor was rated a significantly predictive of the outcome paired with the novel stimuli
during the summation test training. Error bars are ± SEM; *** p < .001
was presented in the location associated with excitors during training (Inconsistent) were
associated with higher causal ratings than compounds in which the inhibitor was presented
in the same location as in training (Consistent). A significant interaction between these two
factors was observed (Outcome x Location; F (1,26) = 7.173, p = .0127), indicating that the
influence of location was stronger regarding the causal ratings of the within-compound novel
excitor’s paired outcomes. No main effects or interaction related to Compound Type were
found, demonstrating that the relationship of the outcome prevented by the Inhibitor to the
Novel excitor did not influence the causal ratings of the novel compound.
To clarify the influence of the addition of an inhibitor to the causal ratings of a novel
excitor, we compared causal ratings of the novel excitors alone to the novel compounds in
which the inhibitor was presented in the location consistent with training (see Figure 4.5).
The causal ratings of these stimuli in regards to the outcome paired with the novel excitor
were used for these comparisons. The addition of an inhibitor to the novel excitor was found
to decrease causal ratings regardless of whether the inhibitor had been trained to prevent
the delivery of the same (Novel Excitor > Novel Congruent Compound; paired t-test: t(26)
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Figure 4.4: Causal Ratings of the Novel Compound Cues presented during the
Summation test in Experiment 1. The relationship between the outcomes associated
with the novel excitor and inhibitor did not influence causal ratings of the novel compounds
presented in the summation test, however the location of the inhibitor within the compound
was found influence causal ratings with compounds in which the inhibitor was presented in the
location associated with excitors during training rated as more predictive than compounds
in which the inhibitor was presented in the location consistent with training. Error bars are
± SEM.
= 6.6238, p < .001) or different (Novel Excitor > Novel Congruent Compound; paired t-
test: t(26) = 6.805, p < .001) outcome to the within-compound novel excitor. However,
no differences were found in the causal ratings of the Incongruent and Congruent novel
compounds (paired t-test; t(26) = 1.4047, p > .05), reflecting a failure to observe evidence of
outcome-specific inhibitory associations. Furthermore, comparing the causal ratings of the
novel compounds to the non-informative zero score found that both compounds were found
to be not significantly different from zero (one-sample t-tests; Incongruent: t(26) = 1.4672, p
> .05; Congruent: t(26) = =0.047, p > .05) indicating that although these compounds were
rated as less predictive than the Novel Excitor alone, they were not rated as preventative of
the excitor paired outcome.
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Figure 4.5: Causal ratings of the critical test stimuli. Both the Incongruent and
Congruent novel inhibitory compounds were rated as less causal than the Novel Excitor alone,
however no evidence of outcome-specific inhibition was observed as no difference between the
causal ratings of the novel compounds was found. Error bars are ± SEM; *** p < .001
4.2.3 Discussion
The aim of Experiment 1 was to demonstrate that FN conditioned inhibition can be assessed
using a operant Pavlovian conditioning procedure in humans, and examine the influence of
participant engagement during the acquisition of inhibition and the spatial presentation of
compound stimulus elements on the ability to detect inhibition using an independent summa-
tion test. Consistent with our hypotheses we were able to demonstrate a clear discrimination
in the checking responding made between the reward paired individual stimuli and the un-
paired compound stimuli, however the use of a less passive conditioning procedure did not
enhance the acquisition of outcome-specific inhibitory associations.
Assessing the Acquisition of Inhibition
Checking responding in the presence of the reward-paired stimuli remained steady and high
throughout the conditioning procedure, demonstrating that participants quickly acquired the
excitatory CS-US contingencies. As relatively short CSs in which only one outcome was de-
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livered were used, participants checking matched the rate of outcome-delivery. Evidence of
the acquisition of the FN conditioned inhibition discrimination was demonstrated through
the steady decrease in the rate of checking responses made in the presence of the unpaired
compound stimuli over training. This assessment of the acquisition of FN conditioned inhibi-
tion adds further support to the prior studies demonstrating that this discrimination can be
assessed in humans using a non-causal learning task (Baeyens et al., 2004; Thorwart et al.,
2017), however the novel vending machine operant conditioning task extends these previous
findings in a number of ways. First, unlike in Thorwart et al. (2017) we were able directly to
assess FN discrimination without requiring a masking task in which the attention of partici-
pants is directed away from the conditioning procedure of interest. Although the involvement
of propositional reasoning in Pavlovian conditioning procedures has been an area of much
debate (Lovibond & Shanks, 2002), that we were able to observe this discrimination in the
rate of checking without directing attention elsewhere, without any limits or punishments
associated with the checking response demonstrates that this effect can be observed in a sim-
ple procedure more comparable to that used in the animal conditioning lab. Additionally,
unlike in Baeyens et al. (2004) who employed an aversive conditioning procedure, we were
able to observe this discrimination in responding using an appetitive conditioning task. As
aversive conditioning procedures have been demonstrated to be more effective than appeti-
tive conditioning procedures in some tasks in humans (Nadler et al., 2011), that we were able
to observe a suppression of responding associated with the non-occurrence of an appetitive
outcome rather than the occurrence of an aversive outcome is an important extension of the
previous research and demonstrates that participants are sensitive to the non-occurrence of
reward.
Inhibitors Produced General but not Outcome-specific Effects on Causal Ratings
in Summation
Our primary measures of interest for the summation test were the change in causal ratings
produced by the addition of an inhibitor that had either been trained to prevent the absence
of the outcome paired or unpaired with a novel excitor, when presented in compound. If par-
ticipants had acquired outcome-specific inhibitory associations, an inhibitor that had been
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trained to prevent the outcome paired with a novel excitor should have been more effective
at decreasing causal ratings when presented in compound than an inhibitor preventing the
delivery of an outcome different to that associated with a novel excitor. Examining the ca-
sual ratings from the summation test revealed that the addition of an inhibitor decreased the
causal ratings associated with a novel excitor across both novel compound types, suggesting
that the inhibitory stimuli acquired general inhibitory strength. However, despite using a
physically more engaging conditioning procedure in an attempt to replicate the procedure
used in Laurent and Balleine (2015) more closely, we did not observe any difference in causal
ratings between the novel compound stimuli. This indicates that the identity of the out-
come the inhibitor had been trained to prevent did not influence its ability to reduce the
causal ratings when paired with a novel excitor. This inability to detect outcome-specific
inhibitory associations through causal ratings in the summation test is consistent with the
pattern of results observed using this procedure in Chapter 3 Experiment 2, and with the
previous attempt to examine outcome specific conditioned inhibition in humans (Alarco´n &
Bonardi, 2016). This supports the observations of Hawkins et al. (2013) that more engaging
task designs often do not appear to influence the learning generated in these basic tasks,
and demonstrates that the difficulty in replicating outcome-specific conditioned inhibition in
humans does not appear to stem from the differences in the conditioning procedures used in
rodents and humans.
Spatial Location of Elements Within-compound Influences Causal Ratings
Although the engagement of the participants in experiencing the delivery and unexpected
absence of outcomes did not appear to account for the differences in outcome-specific in-
hibitory learning between our FN conditioning procedure and that used in Laurent and
Balleine (2015), our conditioning procedure also differed from the rodent task in the way the
stimuli used in the compounds were presented. As has been outlined above, the way in which
compound stimuli are processed has been demonstrated to be sensitive to a number of task
presentation factors (Melchers et al., 2008), in particular stimuli that are physically similar
(Liljeholm & Balleine, 2009) or lack spatial separation between elements (Livesey & Boakes,
2004) are more likely to be processed configurally. As our two outcome-specific compound
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stimuli contained physically similar elements and were visually contained within a single
image (the vending machine) it is likely that our conditioning procedure was promoting con-
figural learning, and as the spatial location of the stimuli predicting the delivery or absence
of the outcome was shared across both outcome-specific compound stimuli, our conditioning
procedure may have promoted generalization across the two compound stimuli and impaired
the ability to acquire outcome-specific inhibitory associations. By examining the influence
of spatial location on causal ratings in the summation test, we were able to demonstrate
that participants were not processing the compound stimuli in a manner consistent with
elemental processing (Wagner, 2003), with compound stimuli consisting of the same novel
excitor and inhibitor pairings rated differently dependent on the spatial presentation of the
compounds. Novel compounds in which the inhibitor was presented in the spatial location
associated with outcome delivery were rated as more predictive of the excitor paired outcome
than compounds in which the inhibitor was presented in the spatial location associated with
outcome prevention during training. The sensitivity of participants to the visual presenta-
tion of compounds and spatial information within-compound suggests that this factor may
be influential in promoting the acquisition of general rather than outcome-specific inhibitory
associations in humans using our FN conditioned inhibition task.
Limitations
A major limitation of our summation test relates to the control stimuli used in the summation
test. Although this summation test extended our initial pilot of this task in Chapter 3
Experiment 2 by obtaining causal ratings for the novel excitatory compounds, it is difficult to
confirm whether the decrease in causal ratings we observed in our novel compounds was driven
by the general inhibitory associations for the inhibitors due to the lack of an appropriate novel
control compound. If participants are processing our compound stimuli configurally, at least
to an extent, the addition of any stimulus to the novel excitor would result in a decrease in
associative strength due to the decrease in similarity between the novel compound and the
excitor alone (Pearce, 1987). Therefore, the assessment of causal ratings for a novel excitor
presented in compound with a novel stimulus is required to clearly interpret the decrease in
causal ratings our inhibitors are able to produce in a summation test. Additionally, although
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we observed that the inhibitors decreased causal ratings from those observed when assessing
the novel excitor alone, the compounds were not rated as significantly lower than zero and,
therefore, the scores did not clearly reflect preventative predictions. As the zero point on the
rating scale used reflected an uninformative relationship, labeled ‘Dont Know’, care must be
taken in interpreting these findings as reflecting inhibition; a similar pattern of ratings could
have been obtained by increasing uncertainty about the predictive relationship of the novel
compound stimuli.
4.3 Experiment 2
Despite developing a novel operant procedure that allows for the acquisition of FN conditioned
inhibition to be assessed in humans, Experiment 1 was not able to demonstrate evidence of
outcome-specific inhibitory associations using the summation test traditionally used to con-
firm the acquisition of conditioned inhibition (Rescorla, 1969). That, despite using a less
passive conditioning procedure, we did not observe outcome-specific inhibition, demonstrates
that the engagement of participants in the conditioning procedure did not influence learning.
However, that the causal ratings of participants were sensitive to the spatial organisation
of the compound stimuli suggests that the presentation of visual stimuli may contribute to
the failure to replicate the conditioning of Laurent and Balleine (2015) through the lack of
outcome-specific inhibition observed in Experiment 1. To address this, in this experiment the
spatial location of the outcome-specific excitors and inhibitors were counterbalanced across the
two outcome-specific compound stimuli, such that the spatial location of an element within a
compound was no longer predictive of the general delivery or absence of outcome. As has been
demonstrated in Livesey and Boakes (2004) and Liljeholm and Balleine (2009), the visual
presentation of stimuli can influence learning about compound stimuli. If the spatial orga-
nization of our compound stimuli was contributing to the acquisition of general rather than
outcome-specific inhibitory associations, removing this confound in this experiment should
result in clear outcome-specific inhibition revealed in the summation test. In addition to ad-
dressing the presentation of the stimuli, this experiment aimed to clarify the assessment of
inhibition in the transfer test by introducing a control compound consisting of a novel exci-
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tor and neutral stimulus, which allows for the influence of an inhibitory stimulus on causal
ratings beyond the effect of presenting a novel excitor in compound with another stimulus to
be detected.
4.3.1 Methods
Participants
20 participants (11 females) were recruited from the University of Sydney undergraduate
psychology participant pool, and received course credit. Mean age of 20.75(SD: 1.62). All
participants had normal or corrected to normal vision, and did not have any food allergies.
All participant provided written informed consent according to the approval requirements of
the Human Research Ethics Committee of the University of Sydney.
Materials
The same materials as in Experiment 1 were used.
Procedure
As in Experiment 1, after participants provided consent, participants were instructed to taste
one of each of the outcomes used in this experiment, and rate their pleasantness. Participants
also provided demographic information before completing the behavioural tasks.
Conditioned Inhibition Training The conditioned inhibition training proceeded simi-
larly to Experiment 1 (see Table 4.1 for a summary of the design). However, the locations
of the Excitors and Inhibitors were counterbalanced between compounds. Whilst S1 was
presented as the top row of lights on the vending machine, the location of S2 changed from
Experiment 1, and in this experiment was presented on the bottom row of lights. Conversely,
S4 which had previously been presented as the bottom row of lights in the compounds used
in Experiment 1, was now presented as the top row of lights in the S2S4 compound used for
this experiment. These changes removed location within the compound as a shared predic-
tive feature between the two excitors and the two inhibitors, which we predicted would help
discriminability between the prevention of the two outcomes.
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Summation Test The summation test proceeded as in Experiment 1, however we included
an additional control compound to clarify understanding of the influence of the inhibitory
stimuli. In addition to examining the causal ratings of Novel Excitors and the Novel Com-
pounds, in which the excitor was presented in compound with a trained inhibitor, in this
experiment we also included a compound of the Novel Excitor and the trained Neutral stim-
ulus. This Neutral stimulus (N) had previously been paired with both outcomes and the
absence of both outcomes equally - thus should not have any associative strength that would
influence the causal rating regarding the predictions made by the excitor. Including this
compound allows us to see the influence of the addition of any stimulus to the excitor in
compound on causal ratings, thus providing a better control to compare with the Novel In-
hibitory Compounds influence on causal ratings. A summary of the design is provided in
Table 4.4.
Table 4.4: Summation Test design. In this task stimuli that had been trained to predict
the absence of a specific outcome were presented in compound with Novel Excitors that
predicted the delivery of that same specific outcome (Novel Congruent Compounds) or the
alternate outcome (Novel Incongruent compounds), to examine outcome-specific inhibition
through the influence of the inhibitor on causal ratings.
Trained Stimuli Ratings Novel Excitor Training Summation Test Ratings
S1 N1 → O1 Novel Congruent Stimuli N1S3
S2 N2 → O2 N2S4
S3 Novel Incongruent Stimuli N1S4
S4 N2S3
Novel Excitors N1
N2
Novel Neutral Compounds N1N
N2N
Note: S1 - O1; S2 - O2; S3 - No O1; S4 - No O2
Statistical Analyses
Feature-negative Conditioned Inhibition The same statistical analyses as in Experi-
ment 1 were performed for the Conditioned Training task
Summation Test To examine the causal ratings in the summation test, the same analyses
were used as in Experiment 1. Additionally, paired t-tests were used to compare to the Novel-
Neutral compound to the Novel Excitor and to the Incongruent and Congruent compounds.
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4.3.2 Results
Hunger and Pleasantness Ratings
The pre-testing ratings of hunger and outcome pleasantness are shown in Table 4.5. As in
Experiment 1, participants reported moderate ratings of hunger and both outcomes were on
average rated higher than the neutral rating.
Table 4.5: Ratings of participant hunger and the pleasantness of the different outcomes in
Experiment 2.
Hunger M&Ms BBQ Shapes
6.36 (SD : 1.73) 5.5(SD : 1.32) 5.15(SD : 1.18)
Conditioned Inhibition Training
The rate of ‘magazine checking’ during the Pre-CS and CS periods of the Excitors and
Inhibitors is shown in Figure 4.6. As in Experiment 1, the discrimination between the
reward-paired individual Excitors and the Inhibitory compounds in which no outcomes were
delivered was clearly observed. As found previously, the influence of CS presentation on
checking rates was found to differ across Cue types (Cue x Time; F (1,19) = 50, p < .001) with
the presentation of the Excitors producing a larger change from Pre-CS checking rates than
the presentation of the Inhibitors. Additionally, it was found that the different Cue effects
on checking rates differed across the duration of training (Cue x Time x Trial; F (13,247) =
15.07, p < .001), reflecting the acquisition of the discrimination between the Excitors and
Inhibitors. As in Experiment 1, paired t-tests were performed to clarify these effects. Unlike
the previous experiment, the first trial of Inhibitor presentations did not produce a higher
rate of responding than the first trial of Excitor stimuli (paired t-test; t(19) = -2.015, p =
.058), however by the final trial of training there was a significantly higher rate of checking in
the presence of the Excitors when compared to the Inhibitors (paired t-test; t(19) = 8.432,
p < .001). This reflects the successful acquisition of the discrimination between Cue types.
Finally, as found in Experiment 1, by the final trial of testing the rate of checking the the
presence of the Inhibitors was not found to differ from the Pre-CS checking rate (paired
t-test; t(19) = -1.383, p > .05)
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Figure 4.6: Magazine checking rates over feature-negative conditioned inhibition
training in Experiment 2. Checking responding in the presence of the reward-paired
Excitors remained steady across training, with checking responding in the intertrial interval
(ITI) and in the presence of the non-reward paired Inhibitors decreasing across training.
Error bars are ± SEM.
Summation Test
Trained Stimuli The causal ratings regarding the predictive relationship of the trained
Excitors and Inhibitors to their Paired and Unpaired outcomes are shown in Figure 4.3.2A.
As found previously, clear specificity of excitatory associations were found, with the Excitors
producing higher causal ratings of the outcome they had been paired with in training (paired
t-test; t(19) = 6.289, p < .001). Comparing the causal ratings for the two outcomes to
the neutral zero score revealed that the causal ratings regarding the Paired outcomes were
significantly greater than zero (one-sample t-test; t(19) = 5.814, p < .001), reflecting a
predictive relationship, whereas the Unpaired outcome was rated as significantly lower than
zero (one-sample t-test; t(19) = -3.389, p = .0031), indicating that the Excitors were judged
to prevent the delivery of those outcomes. Regarding the Inhibitors, as in Experiment 1 no
significant difference in the causal ratings regarding the Paired and Unpaired outcomes were
observed (paired t-test; t(19) = -0.272, p > .05), reflecting a lack of outcome-specificity in
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the inhibitory associations acquired. However, the causal ratings regarding both outcomes
were found to be significantly lower than zero (one-sample t-tests; Unpaired: t(19) = -4.062,
p < .001; Paired: t(19) = -3.905, p < .001), indicating that the Inhibitors were judged to
prevent the delivery of both outcomes.
Novel Excitors The causal ratings regarding the predictive relationships of the Novel
Excitors to their paired and unpaired outcomes are shown in Figure 4.3.2B. As in Experiment
1, the Novel Excitors were found to be rated as more predictive of the outcome they had
been paired with during training than the alternate outcome (paired t-test; t(19) = 13.101,
p < .001). Comparing the causal ratings of the two outcome types to the neutral zero score,
the ratings regarding the Paired outcomes were found to be significantly greater than zero
(one-sample t-test; t(19) = 14.537, p < .001), reflecting a predictive relationship, whereas
the ratings regarding the Unpaired outcome were found to be significantly lower than zero
(one-sample t-test; t(19) = -11.377, p < .001), indicating that the Novel Excitors were rated
as preventing the delivery of the non-paired outcome.
Novel Summation Stimuli To examine the nature of the inhibitory associations estab-
lished during feature-negative conditioned inhibition training, the key stimuli of interest were
the compounds consisting of a Novel Excitor and a trained Inhibitor (see Figure 4.8. As found
previously, across all compounds the causal ratings for the Unpaired outcomes were lower
than those regarding the Paired outcomes (Main effect of Outcome; F (1,19) = 38.34, p <
.001). Additionally, the location of the inhibitor within the compound was found to influence
causal ratings (Main effect of Location; F (1,19) = 33.31, p = .0067), with compounds in
which the inhibitor was presented in the location not experienced during training eliciting
lower causal ratings than compounds in which the inhibitor is presented in the same location
as during training. Consistent with the prior experiment, no main effects or interactions in-
volving Compound Type were found, reflecting a failure to find evidence of outcome-specific
inhibitory associations.
To clarify the influence of inhibitory stimuli on causal ratings, as in Experiment 1 the
crucial causal ratings of the Incongruent and Congruent compounds, in which the Inhibitor
was presented in the location consistent with training, were extracted to compare with the
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Figure 4.7: Causal ratings of the trained Excitors, Inhibitors, and Novel Excitors.
A) As in Experiment 1, clear specificity in the causal ratings of the Trained Excitors was
found, with these stimuli rated as more predictive of the outcome they had been paired with
during training. The causal ratings regarding the inhibitors, however, did not show this
specificity, with Trained Inhibitors were rated as equally preventative of the outcome the
stimulus had been trained to prevent and the alternate outcome. B) Training of the Novel
Excitors was successful, with the novel excitors rated as predictive of the outcome they had
been paired with. Error bars are ± SEM; *** p< .001
causal ratings of the control stimuli (Novel Excitor alone, Novel Excitor-Neutral Stimulus
compound) (see Figure 4.9). Comparing the control compound, in which the trained Neutral
stimulus was presented in compound with a Novel Excitor, to causal ratings regarding the
Novel Excitor alone found significantly lower causal ratings elicited by the Novel-Neutral
compound (paired t-test; (t(19) = 4.5327, p < .001). This indicates that the addition of
any stimulus to the Novel Excitor was sufficient to produce a decrease in predictive strength
that was not driven by inhibitory associations of the additional stimulus. Comparing the
causal ratings of the novel summation compounds to the control compound found that only
the Congruent compound was found to have significantly lower causal ratings than the con-
trol compound (paired t-test; t(19) = 2.9582, p = .0081), with the Incongruent compound
not producing a significant difference in causal ratings (paired t-test; t(19) = 1.851, p >
.05). However, the Incongruent and Congruent novel compounds were not found to produce
significantly different causal ratings (paired t-test; t(19) = 1.304, p > .05), demonstrating
a lack of outcome-specific inhibition. Finally, comparing the causal ratings of the novel
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Figure 4.8: Causal ratings of the Novel Compound Cues presented in the Summa-
tion test in Experiment 2. As in Experiment 1, the identity of the outcome the inhibitor
within the novel compound had been trained to prevent did not influence causal ratings, with
Incongruent and Congruent compounds rated similarly. Despite counterbalancing the loca-
tions of the outcome-specific inhibitory stimuli during training, the location of the inhibitor
within the novel compound was still found to influence causal ratings with compounds with
the inhibitor in the location inconsistent with training rated as less causal than compounds
with the inhibitor in the same location as it had been experienced during training. Error
bars are ± SEM.
compounds to the neutral zero score found that the causal ratings regarding the Incongru-
ent novel compounds were significantly higher than zero (one-sample t-test; t(19) = 2.4769,
p = .023), reflecting that the compound was still rated as predictive of outcome delivery,
the causal ratings of the Congruent novel compounds did not differ significantly from the
neutral/non-informative zero score (one-sample t-test; t(19) = 1.5795, p > .05).
4.3.3 Discussion
This experiment aimed to determine if increasing the visual distinctiveness in the spatial
organization of outcome specific compound stimuli could prevent generalization across com-
pounds and aid the acquisition of outcome-specific inhibitory associations. As in Experiment
1, participants were able to discriminate between the reward-paired individual stimuli and
the unpaired compounds, with checking responding in the presence of the compound stim-
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Figure 4.9: Causal ratings of the critical test stimuli. As in Experiment 1, both novel
compound stimuli were rated as less causal than the novel excitor presented alone, however
the control Novel-Neutral compound also decreased causal ratings compared to the Novel
Excitor. Although only the causal ratings of the Novel Congruent Compound were lower
than the Novel-Neutral compound, suggesting the influence of outcome-specific inhibitory
associations, no significant difference was found between the Incongruent and Congruent
Novel compounds. Error bars are ± SEM; *** p < .001; * p < .05
uli steadily decreasing across the conditioning procedure. However, as in Experiment 1,
the nature of the inhibitory associations developed as assessed through the summation test
remained unclear.
Summation Test Reveals Evidence of Configural Processing
The introduction of a compound consisting of a novel excitor and the neutral stimulus allowed
for the divergent predictions of elemental and configural processing theories to be tested. The
fact that the neutral stimuli were found not to influence instrumental responding on a transfer
test in Chapter 3 supports the claim that this training procedure produced a stimulus with
no predictive associations. If the causal ratings reflect the sum of each constituent element of
the compound, as in an elemental theory (Wagner, 2003), the addition of a trained neutral
stimulus to a novel excitor should not influence the causal ratings of participants. However,
a configural processing theory (Pearce, 1987) predicts that the decrease in similarity between
The Development and Assessment of Outcome-Specific Inhibitory Associations 147
the novel excitor and the novel-neutral compound should decrease participants causal ratings.
Consistent with configural theory the causal rating of the novel-neutral compound was found
to be significantly less predictive than the novel excitor alone. This suggests that attempts to
make the outcome-specific individual stimuli and compounds more distinct through removing
the spatial location of elements as a predictive factor did not promote elemental processing.
The resistance to elemental processing in our participants may be due to the fact that, despite
increasing the distinctiveness of outcome-specific stimuli, the elements within our compound
were both physically similar and were presented with no spatial separation as part of a
visually coherent single image, factors that have been demonstrated to promote configural
processing in humans previously (Liljeholm & Balleine, 2009; Livesey & Boakes, 2004).
Enhancing the Distinctiveness of Outcome-specific Compounds may Promote
Outcome-specific Inhibitory Conditioning
As in Experiment 1, the causal ratings of interest were those of the novel congruent and
incongruent compounds. Both novel compounds were found to elicit decreased causal ratings
when compared to the novel excitor alone, as in Experiment 1, however only the congruent
novel compound was rated as significantly less causal than the novel neutral control com-
pound. Although this may suggest that the stimulus manipulation used in this experiment
was successful in enhancing the generation of outcome-specific inhibitory associations, with
an inhibitor more effective at decreasing causal ratings when it had been trained to prevent
the same outcome as paired with the novel excitor, no significant difference was observed
when the causal ratings of the two novel compounds were directly compared. This prevents
any clear conclusions about the specificity of the inhibitory associations acquired. Addition-
ally, as in Experiment 1, the causal ratings regarding the congruent novel compound were
not found to be significantly different from the non-informative zero score, making it difficult
to clarify if this effect was driven by the inhibitor decreasing the associative strength of the
novel excitor in compound, or if the presence of the inhibitor increased uncertainty about
the predictive nature of the compound.
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4.4 General Discussion
These experiments aimed to examine the acquisition of feature-negative conditioned inhi-
bition, and to examine if engagement during conditioning and the visual presentation of
compound stimuli influenced the development of outcome-specific inhibitory associations.
Using a novel appetitive operant conditioning procedure, we were able to generate and assess
the acquisition of FN conditioned inhibition using an adapted version of the conditioning
procedure translated from (Laurent & Balleine, 2015) and used in Chapter 3. We were
able to demonstrate that enhancing participant engagement in conditioning did not enhance
the acquisition of outcome-specific inhibition as assessed through an independent test of
summation. However, we were able to demonstrate that participants were sensitive to the
spatial organization of compound stimuli, with the spatial presentation of inhibitors within
novel compounds influencing causal ratings. Addressing the unintended predictive nature
of the spatial organization of stimuli and making the outcome-specific stimuli more distinct
appeared to enhance the acquisition of outcome-specific inhibition, however clear demonstra-
tion of this specificity was not observed. Although the evidence regarding the specificity of
inhibitory associations generated in Experiment 2 remains ambiguous, these results highlight
the importance of seemingly trivial task-specific factors in attempting to translate condition-
ing procedures from rodent to human testing.
4.4.1 Operant Conditioning Tasks Allow for the Acquisition of Inhibition
to be Observed in Humans
A significant limitation of our previous attempts to generate inhibition through a FN condi-
tioned inhibition procedure was an inability to assess directly the acquisition of inhibition.
The use of causal rating scales typically used to assess the acquisition of inhibition in human
learning tasks (e.g. Karazinov and Boakes (2004)) are particularly problematic in tasks such
as ours in which participants could acquire either outcome-specific or general inhibitory as-
sociations, and existing appetitive conditioning procedures in humans lack a clear equivalent
of the magazine checking behavior assessed as a CR in rodents (Colagiuri & Lovibond, 2015;
Lovibond & Colagiuri, 2013). By adapting a paradigm initially developed to assess aversive
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conditioning (Arcediano, 1996), we were able to demonstrate the acquisition of FN discrimina-
tions in humans using an appetitive conditioning paradigm. Importantly, this discrimination
was observed without artificially promoting or constraining the rate of responding, demon-
strating that this task allows for the assessment of the acquisition of CR in a similar manner
to the rodent procedures. Additionally, although other studies have demonstrated this con-
ditioned suppression effect using aversive conditioning procedures (Arcediano, 1996; Baeyens
et al., 2001, 2004), these results mark an important extension of this prior research through
demonstrating that this effect can be observed in humans using appetitive conditioning de-
signs. Furthermore, unlike other tasks assessing FN discriminations in humans (Thorwart
et al., 2017), we were able to observe this acquisition without any additional masking tasks,
removing potential confounds that encourage participants to direct their attention away from
the stimuli important for conditioning. Causal learning tasks have been predominantly used
to assess conditioning phenomena such as conditioned inhibition in humans (Karazinov &
Boakes, 2004; Lee & Livesey, 2012), in part due to their ease of implementation and ability
to assess learning over acquisition. These results suggest that this novel operant procedure
meets these criteria, and allows for the assessment of learning independently of the potential
confounds in the explicit assessments used in traditional causal learning tasks.
4.4.2 Difficulties in Interpreting the Influence of Inhibition in Summation
Tests
In addition to demonstrating the acquisition of FN discrimination, the experiments in this
chapter aimed to demonstrate that this procedure was able to generate true inhibition through
the influence of trained inhibitors when presented with a novel excitor. Although the abil-
ity for a stimulus to influence conditioned responding in a summation test is one of the
traditional effects used to confirm conditioned inhibition (Rescorla, 1969), there has been
extensive debate as to the appropriate control conditions that should be employed. This
remains a problem in the human literature assessing conditioned inhibition, in addition to
debate regarding the instructions and framing of the rating scales used to assess the influence
of inhibition (Karazinov & Boakes, 2004). In both experiments we observed that the addi-
tion of a trained inhibitor to a novel excitor significantly decreased the causal ratings of that
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compound, compared to the novel excitor alone, regardless of whether the inhibitor had been
trained to prevent the same outcome paired with the novel excitor or not. This non-selective
decrease in causal ratings produced by the trained inhibitors suggests that this reflects gen-
eral inhibitory associations produced through our FN conditioning procedure, however the
nature of the rating scale used in this task makes the interpretation of this effect equivo-
cal. Karazinov and Boakes (2004) argue that labels of a rating scale influence the ability
to interpret inhibitory causal ratings, and that the use of a scale with scores that clearly
reflect preventative relationships is necessary to confirm the inhibitory associations. As in
Karazinov and Boakes (2004), the rating scales included positive ratings reflecting predictive
relationships, negative scores reflecting preventative relationships, and a non-informative zero
score. Despite observing that causal ratings of the trained inhibitors alone were clearly pre-
ventative, the novel compounds were not rated as significantly preventative. Therefore, the
ratings we observed may reflect a decrease in the associative strength of the novel compound
consistent with the predictions of the Rescorla-Wagner model, or an increase in participants
rating the stimuli as non-informative or unclear in its prediction. In addition to highlighting
the importance of the specific rating scales used to assess and clearly interpret conditioned
inhibition, this chapter also highlights the importance of appropriate control stimuli in sum-
mation tasks. In Experiment 2 we demonstrated that a stimulus that had been experienced
equally with the delivery and absence of an outcome, and thus had been experienced as
non-informative and non-predictive, influenced the causal ratings of a novel excitor.
4.4.3 Enhancing the Acquisition and Detection of Outcome-Specific In-
hibitory Associations
The main focus of the experiments in this chapter was to examine if in translating our task
from the animal literature, features of the task experience or stimulus presentation influ-
enced the ability to generate and detect outcome-specific conditioned inhibition in humans.
Outcome-specific FN conditioned inhibition procedures have been demonstrated to success-
fully generate sensory-specific inhibitory associations in rodents (Laurent & Balleine, 2015),
however our initial attempts using this conditioning procedure in Chapter 3 revealed that
the intended outcome-specific inhibitory associations were not acquired by all participants,
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and that this conditioning procedure was able to generate both outcome-specific and general
inhibitory associations. Although the conditions that influence the ability of outcome-specific
inhibition are not well understood, even in the rodent literature, task-specific features have
been demonstrated to influence the nature of stimulus processing in a number of other condi-
tioning experiments in humans (Liljeholm & Balleine, 2009; Livesey & Boakes, 2004; Melchers
et al., 2005). Therefore, we predicted that making the procedure more similar to that used
in the rodent literature would promote the acquisition of outcome-specific inhibitory asso-
ciations. However, enhancing the engagement of participants in the conditioning procedure
through the use of this novel operant procedure (Experiment 1) or making the outcome-
specific compounds more visually distinct through removing predictive spatial location fea-
tures (Experiment 2) did not produce evidence of outcome-specific inhibitory associations
in the summation test. In both experiments the identity of the outcome prevented by an
individual inhibitor did not influence its ability to decrease causal ratings when presented
in compound with a novel excitor, similar to the pattern observed in the initial use of the
summation test in Chapter 3 Experiment 2. This suggests that the difficulty generating and
detecting outcome-specific inhibition was not due to engagement or the visual presentation
of compound stimuli.However, in Experiment 2 only the congruent novel compounds were
found to significantly decrease causal ratings in comparison to the control compound demon-
strating the potential emergence of outcome-specific inhibition. Although the manipulations
to the visual presentation of the outcome-specific excitors and compounds was not sufficient
to produce clear outcome-specific inhibition, enhancing the discrimination between stimuli
through further manipulations to the visual coherence or shared physical features previously
implicated in stimulus processing (Liljeholm & Balleine, 2009; Livesey & Boakes, 2004) may
allow for clearer outcome-specific inhibition in humans.
4.4.4 Evidence for Outcome-specific Discriminative Inhibition
An unexpected finding of these experiments was the preventive associations acquired between
excitatory stimuli and the outcome paired with the alternate stimulus. The use of two distinct
outcomes in our conditioning procedure allowed for causal ratings to be obtained, not only
regarding a stimulus and the outcome it had been trained to predict, but also the relation-
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ship between a stimulus and the outcome predicted by the other stimulus. As the individual
excitors had only been trained to predict the delivery of one specific outcome, we predicted
that participants would rate these CSs as non-informative in relation to an outcome that the
stimulus had neither been trained to predict or prevent. Contrary to these expectations, in
both experiments we observed that the excitors were rated as significantly preventative of
the outcome paired with the other stimulus. This finding is consistent with a previous causal
learning study in humans which demonstrated that a traditional feature-negative conditioned
inhibition procedure using two stimuli to predict the occurrence of two distinct outcomes were
equally effective at generating inhibition (O’Boyle, 1996). That we were able to replicate this
effect using a simple conditioning procedure, rather than the causal learning tasks in which
participants were asked to make explicit predictions between stimuli and outcome occurrence
after each trial (O’Boyle, 1996) suggests that even in basic conditioning procedures learning
between CSs and outcomes not present occurs. The causal ratings in our summation test
suggest that learning occurs between stimuli and outcomes not presented together appears
consistent with the cue-competition effects observed by Van Hamme and Wasserman (1994).
This study was able to demonstrate that, inconsistent with predictions made by Rescorla and
Wagner (1972), in addition to learning about the pairing of the stimulus and outcome pre-
sented on a trial, the trial-by-trial causal ratings reflected learning about stimulus elements
despite their absence on the previous trial. Although Van Hamme and Wasserman (1994)
examined this learning regarding absent elements in relation to multiple stimuli predicting
the delivery or absence of a single outcome, our results suggest a similar mechanism may
drive learning between stimuli and the sensory-specific features of outcomes. Furthermore,
that we were able to observe this outcome-specific inhibition without assessing trial-by-trial
predictions an in O’Boyle (1996) and Van Hamme and Wasserman (1994) suggests that hu-
mans are sensitive to absent elements more broadly, and are able to generate these inhibitory
associations without explicit prompting and assessment during the acquisition of excitatory
CS-US associations.
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4.4.5 Limitations & Future Directions
4.4.6 Self-report and Traditional Assessments of Inhibition
The summation tests in this chapter, as in the initial demonstration of this task in Chapter
3 Experiment 2, failed to reveal clear evidence of outcome-specific inhibitory associations
through the causal ratings of congruent and incongruent novel compounds. However, we
were unable to examine if the experience of the conditioned inhibition procedure alone pro-
duced the same between-subjects differences in the nature of inhibitory association reported,
as self-report measures of Pavlovian contingencies were not obtained from participants in
these experiments. Without this measure, comparing the acquisition of outcome-specific in-
hibitory associations to the experiments in Chapter 3 is difficult, and the potential influence
of instrumental conditioning participants experience prior to FN conditioned inhibition dur-
ing the PIT procedure cannot be clearly detected. As it has been proposed that contingency
awareness is important for the expression of conditioned responding in humans (Lovibond &
Shanks, 2002), examining the relationship between self-reported inhibitory associations and
the nature of inhibition revealed through traditional tests such as summation is important for
our understanding of inhibitory conditioning in humans. Furthermore, as the novel check-
ing procedure used in these experiments was able to generate the pattern of conditioning
observed during FN conditioned inhibition in rodents, examining summation directly using
this task may also allow for an additional method to detect and confirm inhibition.
4.4.7 Sensory-specific Experiences of Outcomes
Despite the inability to enhance the detection of outcome-specific inhibition through manip-
ulating task-specific features, procedural differences between our task and the conditioning
paradigms used in the rodent literature may still account for the inability to demonstrate
clear outcome-specific inhibition as in Laurent and Balleine (2015). One clear difference be-
tween the experience of the rodent and human conditioning tasks that remains is the direct
experience of the appetitive outcomes. Although the images used as outcomes in the cur-
rent experiments were images of food outcomes, which participants were told they would be
able to exchange for real food snacks after completing the experiment, participants did not
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directly consume the food outcomes during conditioning. Although the direct experience of
food outcomes does not appear to be necessary for the acquisition of sensory-specific and gen-
eral motivational appetitive associations, as in Chapter 2 we were able to replicate the sPIT
and gPIT effects observed in the rodent literature (Corbit et al., 2007) using a conditioning
procedure that employed food images as outcomes. However, the salience of the distinct
sensory-specific features of the two outcomes may be more important in the acquisition of
outcome-specific inhibitory associations. Using a conditioning procedure similar to Lovibond
and Colagiuri (2013), in which participants are able to consume the food outcomes as they
are delivered may allow for a more robust outcome-specific conditioned inhibition procedure
and enhance the acquisition of outcome-specific inhibitory associations in humans.
4.4.8 Conclusion
In conclusion, using a novel appetitive operant conditioning procedure we were able to assess
the acquisition of a FN discrimination in humans. Furthermore, we were able to separately
assess this inhibition through examining the influence of these stimuli on causal ratings in
a summation test. Although we did not find that a more engaging conditioning procedure
enhanced outcome-specific inhibitory learning, we did demonstrate that participants are sen-
sitive to the spatial organization and predictive effects of element location of the stimuli used
in this task. However, addressing these stimulus presentation factors marginally enhanced
the specificity of inhibitory associations this too did not produce unambiguous evidence of
sensory-specific inhibitory learning. Further research is needed to clarify the factors involved
in enhancing outcome-specific inhibitory learning, including the potential influence of prior
instrumental conditioning experience and sensory-specific outcome discrimination, on the ac-
quisition of these associations. These experiments expand our understanding and ability to
detect the acquisition of inhibitory learning in humans, and highlight the importance and
potential influence of task design when translating tasks examining conditioning from rodent
to human testing
Chapter 5
The Neural Substrates of Inhibitory
Pavlovian-Instrumental Transfer
5.1 Introduction
The ability for Pavlovian stimuli, and in particular stimuli that have been associated with
the absence of outcomes, to influence instrumental action in humans has been clearly demon-
strated in Chapters 2 and 3. However, much remains unknown about the mechanism driving
PIT effects in humans. In Chapter 3 we were able to demonstrate that FN conditioned in-
hibition is able to generate inhibitory stimuli that can bias action-selection in an opposing
manner to excitatory stimuli. Contrary to the previous findings in the animal literature
(Laurent & Balleine, 2015), the conditioning procedure was able to generate both outcome-
specific and general inhibitory associations in distinct subgroups of participants, that were
associated with different patterns of transfer. Attempting to examine the acquisition of these
inhibitory associations and the ability to detect these associations through independent tests
of inhibition through examining conditioned inhibition alone in Chapter 4, failed to find ev-
idence of outcome-specific inhibition. Therefore, both understanding the neural substrates
of the expression of inhibitory sPIT, demonstrating of outcome-specific inhibition in inde-
pendent tests of inhibition, can allow for clarification of the associative mechanism through
which these conditioned inhibitors are able to bias action-selection in humans.
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5.1.1 Neural Circuitry of Specific Transfer
The neural circuitry involved in the expression of specific transfer has been the focus of ex-
tensive research in rodents (see Holmes et al. (2010) for a review). Importantly, dissociations
between the neural substrates involved in the specific and general transfer effects have been
demonstrated (Corbit & Balleine, 2005, 2011), highlighting that the influences of Pavlovian
stimuli on action-selection and response vigor are distinct and independent. According to
the S-O-R theory of specific transfer, in order for a stimulus to influence action-selection
both the outcome associated with the stimulus presented (S-O) and the outcome-specific
instrumental contingencies (O-R/R-O) must be retrieved. Additionally, these independently
trained associations must be integrated to produce the S-O/O-R (S-O-R) chain that pro-
motes responding on the action sharing an outcome-specific prediction with the stimulus. It
is this process of integration that the NAcc shell has been proposed to be crucially involved
in, as lesions of the NAcc shell leave the use of Pavlovian and instrumental associations sep-
arately intact but selectively impair the ability for Pavlovian stimuli to bias action-selection
(Corbit & Balleine, 2011; Corbit, Muir, & Balleine, 2001). The OFC has been proposed to
be involved in encoding and retrieving the sensory-specific features of outcomes during both
instrumental and Pavlovian conditioning. The ventral and lateral OFC in rodents has been
implicated in retrieving the outcomes associated with predictive stimuli whereas,more re-
cently, Bradfield, Dezfouli, vanHolstein, Chieng, and Balleine (2015) argued that the medial
OFC in particular is involved in retrieving unobservable outcome representations associated
with instrumental actions, rather than S-O associations. The BLA has been proposed to
encode the outcome-specific S-O associations, with lesions of the BLA leaving animals un-
able to use the sensory-specific features of outcome representations to appropriately guide
behavior (Corbit & Balleine, 2005). The BLA targets the NACshell and targets of the NACc
shell, including ventral pallidum and ventral posterior striatum transition areas have been
implicated in specific transfer. Importantly, the dorsal parts of lateral striatum have been
clearly demonstrated to be involved in the encoding of S-R associations, and has been impli-
cated as critical for the expression of habitual responding (Yin, Knowlton, & Balleine, 2004).
However the involvement of the DLS in the expression of specific transfer in which the re-
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sponse driven by a stimulus with which it has never been directly paired, appears to call for
a somewhat different associative structure. Accordingly, regions of dorsal and more ventral
lateral striatum as well as, more caudally, of the pallidum have been argued to be involved
in the influence of O-R associations where, during instrumental training, the outcome acts
as a stimulus to drive action selection and further instrumental responding (O-R) (Balleine
& O’Doherty, 2010; Corbit & Janak, 2007).
Neural Correlates of Specific Transfer in Humans
Studies examining the neural correlates of PIT in humans has been relatively sparse, however
the emerging research from fMRI studies has implicated regions broadly consistent with those
observed in the animal literature highlighted above, suggesting that both the associative and
neural mechanisms of stimulus promoted action have been broadly conserved across species.
One region that has consistently emerged as associated with the expression of specific transfer
in humans across a number of studies using a range of paradigms has been the posterior
lateral putamen (Bray et al., 2008; Morris et al., 2015; Pre´vost et al., 2012; Steenbergen,
Watson, Wiers, Hommel, & Wit, 2017), a region that has been proposed to be homologous
with the striato-pallidal circuit mediating S-O integration with O-R associations (Balleine
& O’Doherty, 2010). Activity in this region has been argued to be associated with the use
of the specific O-R associations when selected by Pavlovian cues and so to be crucial for
biasing choice (Bray et al., 2008). Additionally, amygdala activity has been associated with
the expression of general (Talmi et al., 2008) and specific (Steenbergen et al., 2017) transfer,
with Pre´vost et al. (2012) distinguishing between specific and general transfer effects and
activity in the ventral and dorsal regions (aligned with the basolateral and central nuclei) of
the amygdala, respectively.
5.1.2 Neural Substrates of Sensory-Specific Outcome Representations
As highlighted above, the OFC has been associated with using the identity of expected
outcomes to guide behavior, with recent distinctions being proposed between the role of
the medial and lateral OFC in the nature of the outcome-specific representations retrieved.
Although the OFC and its role in using sensory-specific information about expected out-
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comes has not previously been examined in relation to the expression of specific transfer
in humans, there has been a substantial body of research implicating the OFC in outcome
prediction. Activity in the vmPFC/medial OFC has repeatedly been observed to reflect
outcome-expectancy more generally (see O’Doherty (2007)), however many of these studies
tracked the prediction of a single outcome of varying magnitudes (i.e. money), or after a
value manipulation (Valentin et al., 2007). Designing tasks that allowed for neural activity
associated with sensory-specific outcome representations independent of outcome-value has
proved to be difficult, however more advanced imaging techniques and analyses have allowed
for recent studies to interrogate this representation. Klein-Flu¨gge, Barron, Brodersen, Dolan,
and Behrens (2013) demonstrated that using stimuli of equal value, activity associated with
the outcome-specific representation alone was found in the medial-caudal OFC, whereas ac-
tivity associated with the specific outcome as predicted by a stimulus was observed in more
lateral OFC regions. The lateral OFC has also been implicated in encoding sensory-specific
outcome identities in a recent study that varied both outcome value and identity (Howard,
Gottfried, Tobler, & Kahnt, 2015). Activity in the vmPFC was associated with encoding the
expected reward generally, activity in the lateral OFC was able to distinguish between the
distinct outcome identities. However, recent theories proposing the OFC as encoding internal
state representations (Wilson, Takahashi, Schoenbaum, & Niv, 2014), and findings of this
state representation in the OFC in humans (Schuck, Cai, Wilson, & Niv, 2016), suggests
that activity in this region may reflect a more complex process that merely sensory-specific
outcome representations.
Parallels between Appetitive and Aversive Conditioning Procedures
The research highlighted above, has focused solely on excitatory appetitive conditioning.
The extent to which these neural substrates are involved in inhibitory Pavlovian condition-
ing and using stimuli associated with the absence of specific outcomes to guide action remains
unclear. Understanding aversive conditioning procedures may also be informative in under-
standing the ability for inhibitory stimuli to bias action. The ability for actions that prevent
the occurrence of an aversive outcome to be acquired, and then subsequently maintained,
has been more difficult to explain through simple reinforcement learning theories, in which
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the experience of an outcome drives learning. It has been demonstrated in humans that the
neural signal associated with an action successfully preventing an aversive outcome is also
shared with that associated with an action successfully producing an appetitive outcome
(Kim, Shimojo, & O’Doherty, 2006). Additionally, it has been demonstrated that these inst-
rumental avoidance actions are also able to be influenced through the presence of Pavlovian
stimuli in a similar manner to appetitive Pavlovian-instrumental transfer. Stimuli paired
with an aversive outcome are able to elicit specific transfer effects, selectively promoting
responding on an action associated with the absence of that specific aversive outcome, and
general transfer effects, with a stimulus paired with a non-instrumentally associated aversive
outcome increasing the rate of responding on both preventative actions (Nadler et al., 2011).
When the neural correlates of this avoidance-driven PIT task were examined, activity asso-
ciated with aversive stimuli biasing action-selection was observed in similar regions to those
previously implicated in the expression of appetitive specific transfer (Lewis et al., 2013). In
particular, activity in the putamen was also associated with the expression of specific trans-
fer, however this putamen activity was more anterior to the previous findings. Additionally,
specific and general transfer effects driven by aversive stimuli have been demonstrated to
be dissociated similarly to excitatory appetitive transfer effects (Garofalo & Robbins, 2017),
providing further evidence that the associative mechanism and neural substrates underlying
the expression of specific and general transfer effects are shared across predictive stimuli,
regardless of the nature of the outcome they predict.
5.1.3 Aims of Chapter 5
The tasks used in this study intended to extend our understanding of the generation of
outcome-specific inhibitory Pavlovian associations in humans, their influence on instrumental
action, and the neural correlates of this inhibitory specific transfer effect. Regarding the
behavioural tasks, we aimed to replicate our prior findings that outcome-specific inhibitors
can be generated through a feature-negative conditioned inhibition procedure and that the
influence that these stimuli have on action-selection differs with the nature of the inhibitory
association reported learned. We also intended to extend these findings and clarify the nature
of the inhibitory associations learned through assessing inhibition using a form of summation
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test. Using multiple measures of inhibition allows us to examine whether the difficulties
in detecting outcome-specific inhibition in humans are related to task-specific features of
the assessment procedures and to determine if, as our previous findings suggest, Pavlovian-
instrumental transfer tests are particularly sensitive and suited to detecting outcome-specific
associations.
We aimed to examine the neural correlates of PIT expression using fMRI during the
transfer test stage, as in Morris et al. (2015). We intended to examine the common neural
correlates of excitatory and inhibitory sPIT effects, and regions differentially involved the ex-
pression of these opposing biases in action-selection. Finally, exploratory analyses comparing
activity associated with action promoted by the different compound types can be examined
to determine regions of activity associated with outcome-specific, compared to non-specific,
inhibitory associations.
5.2 Methods
5.2.1 Participants
25 participants (18 female) were recruited from the community with a mean age of 28.2(SD:
8.07). All participants were right handed, had normal or corrected to normal vision, and
did not have any history of food allergies, and psychological or neurological illness. All
participants provided written informed consent according to the approval requirements of
the Human Research Ethics Committee of the University of Sydney.
5.2.2 Materials
The visual stimuli and food outcomes as outlined in Chapter 3 were used for the behavioral
experiment. For the instrumental and Pavlovian training stages, and the summation test
these stimuli were presented on a Mac laptop, as outlined in Chapter 3. Visual stimuli for
the transfer test during the scan were presented via a projector positioned at the back of
the MRI scanner. A MRI-compatible button response pad was used by participants, which
recorded each response.
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5.2.3 Procedure
After providing informed consent, participants were given a sample of the two food outcomes
that are used in this task (M&Ms, BBQ Shapes) and asked to rate their current levels of
hunger and the pleasantness of the two snacks. See Appendix A for complete instructions.
Behavioural Tasks
Pavlovian-instrumental Transfer Task Participants completed the Excitatory and In-
hibitory Pavlovian-instrumental transfer task as outlined in Chapter 3, Experiment 2. The
instrumental and Pavlovian conditioning tasks were performed on a laptop, after which par-
ticipants’ knowledge of the instrumental and Pavlovian contingencies were assessed using a
multiple-choice questionnaire described in Chapter 3, Experiment 1. As in previous experi-
ments, participants were not given any feedback to their answers on this questionnaire. The
transfer test was performed in the MRI scanner, using the same task design and stimulus
and ITI lengths as in our previous task. However, due to time limitations imposed by the
scanner, one presentation of each stimulus was removed. Therefore, each stimulus was pre-
sented 6 times, resulting in 12 presentations for each stimulus category (Individual Excitors,
Individual Inhibitors, Congruent Compounds, Incongruent Compounds, Neutral Stimulus).
Participants were able to make responses with one finger of their dominant hand.
Summation Test After exiting the scanner, participants completed a summation test to
separately examine the inhibitory associations developed during the feature-negative con-
ditioned inhibition training. This summation test expanded on that first demonstrated in
Chapter 3, Experiment 2 by assessing causal ratings for the novel excitatory stimuli, and
examining the influence of presenting the neutral stimulus in compound with the excitors in
the test phase. This Novel-Neutral compound stimulus is a more appropriate control stimu-
lus, so that changes in causal rating caused solely by the inhibitory properties of the stimuli
of interest can be more clearly assessed. Additionally, as both inhibitors were presented in
the same location within the visual image of the compound stimulus (i.e. the bottom row
of lights), we included compounds in which the inhibitor was presented in a location that
was either consistent with their experience during training, or inconsistent (i.e. top row of
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lights). See Table 5.2 for a summary of the design.
Table 5.2: Summation Test design. In this task stimuli that had been trained to predict
the absence of a specific outcome were presented in compound with Novel Excitors that
predicted the delivery of that same specific outcome (Novel Congruent Compounds) or the
alternate outcome (Novel Incongruent compounds), to examine outcome-specific inhibition
through the influence of the inhibitor on causal ratings.
Trained Stimuli Ratings Novel Excitor Training Summation Test Ratings
S1 N1 → O1 Novel Congruent Stimuli N1S3
S2 N2 → O2 N2S4
S3 Novel Incongruent Stimuli N1S4
S4 N2S3
Novel Excitors N1
N2
Novel Neutral Compounds N1N
N2N
Note: S1 - O1; S2 - O2; S3 - No O1; S4 - No O2
fMRI Acquisition
Scanning occurred in a 3T GE DIscovery and a 32-channel head coil. The functional images
were acquired with a 2910-msec repetition time; 20-msec echo time; 90◦ flip angle; 240-mm
field of view; and 128 x 128 matrix with a SENSE (Sensitivity Encoding) factor of 2. A T1-
weighted high-resolution anatomical scan was acquired for each participant for registration
and screening: 72000-msec repetition time; 2700-msec echo time; 176 slices in the sagittal
plane; 1-mm slice thickness (no gap) ; 256-mm field of view; and 256x256 matrix. We acquired
364 whole-brain T2∗-weighted echo planar images. Each volume consisted of 52 axial slices,
2-mm thick with a .2mm gap. The acquired voxel dimensions were 1.87mm2.
5.2.4 Analysis
Behavioural Analysis
Pavlovian-instrumental Transfer Analysis of the Pavlovian-instrumental transfer data
was performed in the same manner as outlined in Chapter 3, Experiment 2. However, dif-
ferences in the detail of data outputs resulted in only the total number of responses made in
each stimulus and ITI period was recorded. Therefore, no binned analyses were performed
with these data, and the Pre-CS responding was averaged across the entire ITI period, rather
164 CHAPTER 5.
than only taken from the 6s prior to onset. Participants were divided into learner subgroups
as described in Chapter 3, Experiment 2.
Bayesian Analysis Bayesian t-tests were performed using JASP software (JASP Team,
2017) to clarify null-results, and quantify support for similarity that cannot be concluded from
non-significant NHST results. Additionally, Bayesian Model Comparisons were performed as
outlined in Chapter 3, to quantify how well the bias produced by inhibitors is relative to
the patterns of responding predicted by excitatory specific and general transfer effects. See
Appendix B for further detail of this analysis.
Summation Test As in Chapter 3, Experiment 2, causal ratings of the trained stimuli
were examined using a 2x2 repeated measures ANOVA of Stimulus (Excitor, Inhibitor) and
Outcome (Paired, Unpaired) on causal ratings. In addition to this, we obtained causal ratings
of the Novel Excitors, which were compared to the zero non-predictive score using one-
sample t-tests. For the crucial novel compounds, consisting of a novel excitor and a trained
inhibitor we first assessed outcome-specific inhibition through a 3-way repeated measures
ANOVA of Compound Type (Congruent, Incongruent), Outcome (Paired, Unpaired), and
Location (Consistent, Inconsistent) on causal ratings. To more clearly examine the changes
in causal ratings produced by the inhibitors, we extracted the causal ratings for the paired
outcomes, and consistent location only, to compare ratings for the Novel Excitor, Novel
Neutral Compound, Incongruent Compound and Congruent Compound. Paired t-tests were
used to compare these stimuli, and for the novel inhibitor compounds, one-sample t-tests
were performed to compare these ratings to the non-predictive zero score to determine if
they were rated as significantly below zero (and thus, significantly preventative). As with
the transfer test data, the influence of learner subgroup on causal ratings in the summation
test was also examined.
Imaging Analysis
Preprocessing and statistical analyses were performed using SPM12 (Wellcome Trust Centre
for Neuroimaging, London, UK, http : //www.fil.ion.ucl.ac.uk/spm/). Datasets were man-
ually screened for scan stability, image artifact, structural abnormalities, and successful nor-
The Neural Substrates of Inhibitory Pavlovian-Instrumental Transfer 165
malization to ensure image quality. Functional images were realigned, slice-time corrected,
normalized to the MNI (Montreal Neurological Institute) template space, interpolated to
2x2x2mm voxels, and smoothed with a Gaussian filter (8mm full width-half minimum). The
first-level analysis of the transfer test specified a general linear model (GLM) for each partic-
ipant. In each GLM, regressors were convolved with the canonical haemodynamic response
function and a high-pass filter with a cut-off of 128s was applied to remove drifts within ses-
sion. The six movement parameters were included as regressors-of-no-interest in each GLM.
The first-level GLM for the specific transfer test included each type of reward cue as a boxcar
function. Following Pre´vost et al. (2012) and (Morris et al., 2015), a parametric regressor
modulated the excitatory and inhibitory stimuli by the number of responses for the stimulus
driven response (i.e. ‘Same’ responses during excitatory stimuli, ‘Different’ responses during
inhibitory stimuli). For the inhibitory Congruent compound stimuli, further analyses were
also conducted in which activity was modulated by the number of responses made that were
associated with the outcome paired with the excitor within the compound (i.e. ‘Same’ re-
sponses). Due to the exploratory nature of the analyses regarding activity associated with
these inhibitory stimuli, whole brain analyses were performed at a voxel-wise threshold of p
< .001, and a cluster threshold of 7 voxels (Cohen, Elger, & Weber, 2008).
5.3 Results
5.3.1 Hunger & Pleasantness Ratings
Participants’ pre-testing ratings of hunger and pleasantness of the outcomes used in this
experiment are shown in Table 5.3. Participants were moderately hungry, and both outcomes
were rated as more pleasant than the neutral point (4) on the rating scale.
Table 5.3: Ratings of participant hunger and the pleasantness of the different outcomes.
Hunger M&Ms BBQ Shapes
5.67(SD : 1.93) 6.17(SD : 1.04) 5.31(SD : .88)
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5.3.2 Behavioural Results
Pavlovian-instrumental Transfer
Instrumental and Pavlovian training proceeded without issue, with all participants correctly
reporting the instrumental contingencies and excitatory Pavlovian associations. The data
of greatest interest were from the transfer test that assessed the influence of the presence
of Pavlovian stimuli on the rate of responding on the two trained instrumental actions. For
ease of comprehension, the expression of transfer in the presence of individual and compound
stimuli were examined separately.
Individual Stimuli The influence of the individual Excitors and Inhibitors on the rate of
instrumental responding on the two instrumental actions is seen in Figure 5.1. The Excitors
and Inhibitors biased action-selection in different ways (Stimulus x Action: F(1,23) = 23.97,
p < .001). The Excitors were found to bias action-selection towards the action associated
with the same outcome as the stimulus (Same > Different; paired t-test: t(24) = 5.615, p
< .001). This bias was driven by both an elevation of responding on the Same action above
the baseline rate of responding (Same > Pre-CS; paired t-test: t(24) = 3.903, p < .001),
with responding on the action associated with the alternate outcome (i.e. Different action)
suppressed below baseline (Different < Pre-CS; paired t-test: t(24) = -4.101, p < .001).
Inconsistent with our previous findings, we did not observe a bias in action-selection in the
presence of the individual Inhibitors, with no differences in the rate of responding on the two
actions found. (paired t-test; t(24) = -1.600, p > .05). However, we did observe that in the
presence of the individual Inhibitors we did observe a significant suppression of responding
on the action associated with the outcome prevented by the stimulus (Same < Pre-CS; paired
t-test; t(24) = 2.562, p = .017), whereas the rate of responding on the action associated with
the alternate outcome (i.e. Different action) did not differ from baseline (paired t-test; t(24)
= -0.158, p > .05)
Compound Stimuli The effects of the excitatory Incongruent and inhibitory Congruent
compounds on action-selection are seen in Figure 5.2, with the excitatory and inhibitory
compound stimuli producing similar patterns of responding to the individual Excitors and
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Figure 5.1: Individual excitatory and inhibitory stimuli produce differing biases
in action-selection. Individual excitors produce a significant specific transfer effect, ele-
vating Same responding and suppressing Different responding, whereas Individual Inhibitors
selectively suppress responding on the action associated with the outcome predicted absent
below baseline. Error bars are ± SEM.
Inhibitors. Congruent and Incongruent stimuli were found to produce different biases in
action-selection (Stimulus x Action: F(1,23) = 4.56, p = .044). The excitatory Incongruent
compounds guided choice towards the response associated with the outcome associated with
the excitatory stimulus (Same > Different; paired t-test: t(24) = 3.33, p = .0028), however
the rate of responding on both actions in the presence of these stimuli did not significantly
differ from the baseline rate of responding. As in the presence of the individual Inhibitors,
no bias in action-selection was found in the presence of the inhibitory Congruent compounds
(paired t-test; t(24) = -0.715, p > .05). However, comparing the rate of responding on the two
actions to baseline, a suppression of responding of the action associated with the compound
prevented outcome (i.e. Same action) was observed (Same < Pre-CS; paired t-test: t(24) =
-2.433, p = .023), and responding on the alternate action did not differ from the baseline
rate of responding (paired t-test; t(24) = -0.978, p > .05).
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Figure 5.2: Excitatory and Inhibitory compound stimuli produce differing biases
in action-selection Inhibitory congruent compounds suppress responding for the action
associated with the outcome signaled absent, whereas excitatory incongruent compounds
biased action towards the action associated with the same outcome as the excitor within the
compound. Error bars are ± SEM.
Learner Subgroups As demonstrated in Chapter 3, Experiment 2, the feature-negative
conditioned inhibition procedure used to generate outcome-specific inhibitors produced sub-
stantial heterogeneity in the inhibitory associations developed, with a subset of participants
only learning general inhibitory associations. As expected, in this experiment participants
reported outcome-specific and general inhibitory associations. However, the proportion of
participants in these subgroups differed from both our previous experiments. In both Ex-
periment 1 and Experiment 2 in Chapter 3, a majority of participants reported learning the
outcome-specific inhibitory associations, however in this experiment only 40% of participants
reported learning the crucial outcome-specific inhibitory associations. Out of the 25 partici-
pants, 10 reported learning the specific inhibitory associations, whereas 15 reported learning
the general inhibitory associations. Differences in the relative sizes of these subgroups may
explain the differences in group level results between this experiment and those in Chapter
3, as the biases were found to be driven by the pattern of responding in the Specific Learners
subgroups. To clarify this, as in Chapter 3, Experiment 2, participants were split into Specific
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and General learner subgroups to determine if the distinct patterns of responding previously
established were also observed in this study. One participant in the Specific Learner sub-
group was found to be an outlier (> 3SD from group mean), and was excluded from subgroup
analysis, leaving 9 Specific Learners.
Individual Stimuli The distinct patterns of sPIT expressed by the Specific and Gen-
eral Learners subgroup is shown in Figure 5.3. Examining the influence of Learner subgroup
on the bias in action-selection observed in the presence of the Excitors and Inhibitors sepa-
rately revealed a bias in action-selection in the presence of Excitors (Main Effect of Action:
F(1,22) = 28.248, p < .001), with more responses made on the action associated with stim-
ulus paired action across Learner Subgroups. No interaction between Learner Subgroup and
the rate of responding on the two actions was observed for the Excitors, indicating that the
expression of excitatory sPIT did not differ across groups. Significant excitatory sPIT effects
were found in both the Specific (paired t-test: Same > Different; t(8) = 3.34, p = .01) and
General (paired t-test; Same > Different; t(14) = 4.212, p < .001) Learner subgroups. In
the Specific Learners, this bias was driven by an elevation of responding on the Same action
above baseline (paired t-test: Same > Pre-CS; t(8) = 3.360, p = .0099), with responding on
the Different action not differing from baseline (t(8) = -1.67, p > .05). The same pattern was
observed for the General Learners, with the excitatory sPIT effect being driven by a trending
elevation of responding on the Same action (paired t-test: Same > Pre-CS; t(14) = 2.102, p
= .054), with the rate of responding on the Different action not differing from baseline (t(14)
= -4.062, p = .0012). In the presence of the Inhibitors a significant interaction between
Learner subgroup and the rate of responding on the two actions was observed (F(1,22) =
6.1, p = .022) indicating that the expression of inhibitory sPIT differed between subgroups.
Examining the expression of inhibitory sPIT in each Learner subgroup separately revealed
a significant bias in the Specific Learners (paired t-test: Different > Same; t(8) = -2.56, p
= .034), shifting responding away from the action associated with the outcome prevented
by the inhibitor. However, no bias in action-selection was observed in the General Learn-
ers subgroup (paired t-test; t(14) = -0.128, p > .05). The inhibitory sPIT effect observed
in the Specific Learners subgroup was driven by a suppression of responding on the action
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associated with the outcome prevented by the Inhibitor (paired t-test: Same < Pre-CS; t(8)
= -2.917, p = .019), with responding on the alternate action remaining at baseline (paired
t-test; t(8) = 1.71, p > .05). In the General Learner subgroup, there was a trend towards a
suppression of the rate of responding on both actions below baseline (paired t-tests: Same <
Pre-CS; t(14) = -1.81, p = .09; Different < Pre-CS; t(14) = -1.86, p = .08).
Specific Learners General Learners
0
2
4
6
8
10
12
14
Excitor Inhibitor Neutral Pre CS Excitor Inhibitor Neutral Pre CS
Cue Type
R
es
po
ns
es
 / 
6s
Action
Same
Different
**
***
*
n.s.
Figure 5.3: Excitatory and Inhibitory transfer in Specific and General Learner
subgroups. In Specific Learners individual excitatory and inhibitory stimuli biased action-
selection, with inhibitory stimuli shifting responding away from the action associated with the
outcome signaled absent. General Learners displayed an excitatory specific transfer effect,
but did not display a bias in action-selection in the presence of the inhibitors. Error bars are
± SEM.
Compound Stimuli The influence of the excitatory and inhibitory compounds on the
rate of responding on the two actions in the Specific and General Learner subgroups, and the
distinct patterns of responding in these subgroups, is illustrated in Figure 5.4. In the pres-
ence of the Congruent compounds, the bias in action-selection differed between the Learner
subgroups (Learner Subgroup x Action; F(1,22) = 6.933, p = .015), indicating that the
expression of inhibitory sPIT differed between the Specific and General Learners. Exam-
ining these biases in each subgroup separately revealed that Specific Learners shifted their
responding away from the action associated with the stimulus-prevented outcome, however
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this difference in responding did not reach significance (paired t-test; t(8) = -2.138, p = .06).
Comparing the rate of responding on these actions to the baseline rate of responding revealed
that the Congruent compounds significantly suppressed responding on the action associated
with the outcome prevented by the stimulus in this subgroup (paired t-test: Same < Pre-CS;
t(8) = -2.395, p = .044), with the rate of responding on the alternate action not differing
from baseline (paired t-test; t(8) = 1.424, p > .05). A lack of bias in action-selection driven
by the Congruent compounds was found in the General Learners subgroup (paired t-test;
t(14) = 1.135, p > .05). However, comparing responding on these two actions to the baseline
rate of responding revealed that responding on the action associated with the excitor-paired
outcome did not differ from baseline (paired t-test; t(14) = -1.321, p > .05), however re-
sponding on the action associated with the alternate outcome was significantly suppressed
below baseline (paired t-test: Different < Baseline; t(14) = -3.139, p = .00724). Examining
differences in the expression of excitatory sPIT in the presence of the Incongruent compounds
revealed a bias in action-selection across both groups (Main Effect of Action: F(1,22) = 9.25,
p = .006), with Incongruent compounds biasing responding towards the action associated
with the excitor-paired outcome. The lack of interaction indicated that the influence of the
Incongruent compounds on action-selection did not differ between the Learner subgroups.
Examining this bias in each Learner subgroup separately revealed a significant excitatory
sPIT effect in the Specific Learners (paired t-test: Same > Different; t(8) = 2.78, p = .024).
Comparing the rate of responding on both actions to the baseline rate of responding found
no significant differences (paired t-test: Same vs. Pre-CS; t(8) = 1.49, p > .05; Different vs.
Pre-CS; t(8) = .249, p > .05). The same direction in the bias in action-selection observed in
the General Learners, however this did not reach significance (paired t-test; t(14) = 1.92, p
= .07). This was driven by the rate of responding on the Same action remaining at baseline
(paired t-test; t(14) = -1.321, p > .05), with the Incongruent compounds significantly sup-
pressing responding on the Different action below baseline (paired t-test: Different < Pre-CS;
t(14) = -3.139, p = .00724).
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Figure 5.4: Bias in action-selection in the presence of Congruent and Incongruent
compounds in the a) Specific and b) General Learner subgroups. b) Congruent and
Incongruent compounds produced different biases in action selection in the Specific Learners.
b) General Learners did not display bias in action-selection in either compound type. Error
bars are ± SEM.
Bayesian Analyses of Specific Transfer Effects
Demonstrating support for null findings As highlighted above, one of the limitations
of traditional NHST analyses is that it is unable to distinguish between a failure to detect
an effect and support for similarities. Bayesian t-tests were performed to clarify whether our
null results reflected a similarity in responding. Comparing the rate of responding on the
two actions in the General Learner subgroup produced a non-significant difference, and using
a Bayesian t-test we found moderate evidence to support the null (BF01 = 3.78), indicating
that participants were responding at the same rate on each action.
Bayesian Model Comparison The Bayes Factors obtained from comparing the Specific
and General Bias models for the biases we observed in the presence of the excitatory and
inhibitory stimuli, for the whole group in addition to the Specific and General Learner sub-
groups are shown in Table 5.4.
As seen in Chapter 3, we found extremely strong evidence that the specific transfer
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Table 5.4: Bayes Factors for the Bias Model Comparison Tests.
Group Bias BF10
Whole Group Excitatory Transfer 999
Inhibitory Transfer 1.25
Specific Learners Excitatory Transfer 48.9
Inhibitory Transfer 5.33
General Learners Excitatory Transfer 332
Inhibitory Transfer .00633 (158)
effects we observed in the presence of the excitatory stimuli reflects the specific transfer bias
predicted from our previous excitatory specific transfer data. This was consistent across the
whole group and each subgroup. Of more interest are the results from the inhibitory transfer
model comparisons. As a group, the bias we observed in the presence of the inhibitory stimuli
did not provide strong evidence for either model. This indicates, as would be expected from
the traditional statistical results, that the bias inhibitory stimuli produced was not consistent
with a complete reversal of the excitatory specific transfer effect. Importantly, however, this
Bayes Factor also indicates that there is also no support for the inhibitory stimuli producing
an absence of bias. Consistent with our findings in Chapter 3, we found differences in the
model comparison results for the learner subgroups. The Specific Learners provided moderate
support for the specific transfer bias model, whereas the General Learners bias was strongly
supported by the general transfer bias model.
Summation Test
Trained Stimuli The causal ratings regarding the relationships between the trained Ex-
citors and Inhibitors and the outcomes they had been paired or not-paired with during
feature-negative conditioned inhibition are shown in Figure 5.5A. Examining the specificity
of causal ratings for each stimulus separately revealed that the trained Excitors were rated as
more causal of the outcome they had been trained with than the alternate outcome (paired
t-test: Paired > Unpaired; t(23) = 8.860, p < .001), however no difference in the causal
ratings regarding the two outcomes were observed regarding the trained Inhibitors (paired
t-test; t(23) = -1.819, p > .05), demonstrating a lack of specificity in the inhibitory associa-
tions acquired. The causal ratings regarding the predictive relationships of the Novel Excitors
to their Paired and Unpaired outcomes are shown in Figure 5.5B. The Novel Excitors were
174 CHAPTER 5.
rated as more predictive of the outcome they had been paired with during training than the
alternate outcome (paired t-test: Paired > Unpaired; t(23) = 9.28, p < .001), with ratings
regarding the Paired outcome significantly greater than the non-informative score of zero
(one-sample t-test; t(23) = 14.165, p < .001), demonstrating the successful acquisition of the
novel outcome-specific excitatory associations.
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Figure 5.5: Causal ratings of trained stimuli. a) Trained Excitors were rated as signif-
icantly more causal of their paired outcome, compared to the unpaired outcome. Trained
Inhibitors did not display this outcome-specificity in their causal ratings. b) Novel Excitors
trained for use in the transfer ratings compounds were rated as significantly predictive of the
outcomes they were paired with. Error bars are ± SEM.
Novel Summation Stimuli To examine the nature of the inhibitory associations estab-
lished during feature-negative conditioned inhibition, the causal ratings of most interest re-
lated to the novel summation compounds in which a novel excitor was presented in compound
with a trained inhibitor. Outcome-specific inhibitory associations were examined through
comparing compounds in which the inhibitor had been trained to prevent the same out-
come as that associated with the Novel Excitor (Congruent) to compounds in which the
Inhibitor had been trained to prevent the alternate outcome (Incongruent). Differences in
the outcome-specificity of the causal ratings were found between the two Summation Stim-
ulus types (Stimulus x Outcome; F(1,23) = 11.24, p = .00276), indicating that predicitve
ratings were sensitive to the relationship between the outcome prevented by the inhibitor
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and predicted by the within-compound excitor. However, the location of the inhibitor within
compound did not influence causal ratings, indicating that the visual presentation of the
elements within the novel compounds did not influence causal ratings of these stimuli.
To clarify the influence of the inhibitory stimuli on causal ratings, the crucial causal rat-
ings of the Incongruent and Congruent compounds, in which the inhibitor was presented in
the location consistent with training, were extracted to compare with the causal ratings of
the control stimuli (see Figure 5.6). The addition of a neutral stimulus to the Novel Excitor
was found to significantly decrease causal ratings, in comparison to the ratings regarding
the Novel Excitor alone (paired t-test: Novel Excitor > Novel-Neutral; t(23) = 9.28, p <
.001), demonstrating that the presentation of an additional stimulus in compound with a
trained excitor is able to decrease predictive strength regardless of the associative strength
of that stimulus. Both the Incongruent and Congruent novel compounds decreased causal
ratings in comparison to the control compound (paired t-test: Novel-Neutral > Novel In-
congruent; t(23) = 4.706, p < .001; Novel-Neutral > Novel Congruent; t(23) = 7.63, p <
.001), indicating that the inhibitory associative strength of the trained Inhibitors was able
produce additional decreases in the predictive strength of the Novel Excitor when presented
in compound. Comparing the causal ratings regarding these novel compounds to the neutral
score of zero revealed that the causal ratings regarding the Novel Incongruent compounds did
not differ significantly from this score (one-sample t-test; t(23) = -1.016, p > .05), making
it difficult to clearly interpret the decrease in casual ratings associated with this compound.
In contrast, the Novel Congruent compound was found to be significantly lower than the
neutral zero score (one-paired t-test; t(23) = -4.88, p < .001), indicating that participants
clearly rated this compound as preventative of the delivery of the outcome paired with the
inhibitor. Importantly, comparing the causal ratings regarding the Novel Incongruent and
Congruent compounds revealed that the compounds in which the inhibitor had been trained
to prevent the same outcome as that paired with the within-compound excitor were rated as
more preventative of outcome delivery than the compounds in which the inhibitor had been
trained to prevent an outcome different to that associated with the excitor (paired t-test;
Novel Incongruent > Novel Congruent; t(23) = -2.82, p = .0098). This difference in causal
ratings demonstrates the acquisition of outcome-specific inhibition, and that participants are
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sensitive to the identity of the outcomes each inhibitor had been trained to prevent.
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Figure 5.6: Causal Ratings of Trained and Novel Stimuli. Trained inhibitors were
able to decrease the causal ratings of excitors that they had not been trained with. Evi-
dence of outcome-specificity in the inhibitory associations generated was demonstrated by
the Congruent Novel compounds displaying a greater decrease in causal ratings that the
Novel Incongruent compounds. Error bars are ± SEM.
Learner Subgroups and Causal Ratings As with our analysis of the transfer data,
the influence of Learner subgroup on the causal ratings of the trained and novel stimuli in
the summation test was examined. The causal ratings regarding the relationship between
the Trained Excitors and Inhibitors, and the Novel Excitors and the outcomes the stimuli
had been trained to predict or not for the Specific Learners subgroup are shown in Figure
5.7. Regarding the causal ratings of the Trained Excitors and Inhibitors (see Figure 5.7A),
found no difference associated with Learner subgroup (Learner Subgroup x Stimulus Type x
Otucome; F(1,22. = 1.025, p > .05) This lack of influence of Learner Subgroup on the causal
ratings observed was also found for the Novel Excitors (see Figure 5.7B), with no difference in
this specifcity of these ratings observed between the Learner Subgroups (Learner Subgroup
x Outcome; F(1,22) = .60, p > .05).
Examining the causal ratings regarding the Novel Summation Stimuli found, as with the
trained stimuli, revealed similar patterns of causal ratings across both learner subgroups
(see Figure 5.8: Learner Subgroup x Stimulus Type x Outcome x Location; F(1,22) = 1.37,
p > .05). Extracting the compounds and causal ratings of most interest to examine the
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influence of inhibitors in compound, and evidence of sensitivity to outcome-specific inhibitory
associations, revealed the same pattern of causal ratings in both Learner subgroups (see
Figure 5.9). Examining the influence of the identity of the outcome prevented by the inhibitor
on the causal ratings of a compound found evidence of outcome-specific inhibiton in the
General Learners subgroup (paired t-test: Congrent Novel Compound < Incongruent Novel
Commpound; t(14) = -2.30, p = .037). Although the same direction of this effect was
observed in the Specific Learner subgroup, this did not reach significance (paired t-test; t(8)
= -1.54, p > .05).
Cluster Analyses of Learner Subgroups and Outcome-Specific Inhibition To
further probe the relationship between the inhibitory associations acquired by participants
during conditioned inhibition and the way these associations are expressed in our behavioural
tasks and contingency assessments, we performed an exploratory k-means clustering analy-
sis. Our contingency assessments suggest that our group consists of two distinct subgroups,
and the different patterns of responding in the transfer test suggests that these measures are
related. However, the ability to detect outcome-specific inhibition in the summation test in
the General Learner subgroup suggests that the contingency assessment does not completely
reflect the inhibitory associations acquired by individual participants. By specifying two
clusters in our data, the k-means clustering algorithm allocates participants to two distinct
clusters in a way that minimizes variation within the clusters, and maximizes variation be-
tween the clusters. If the contingency assessments reflect the same inhibitory associations
detected in the behavioural tasks, clusters based on the data alone should reflect the Learner
Subgroups.
To examine subgroup clusters in the expression of specific transfer driven by the indi-
vidual excitors and inhibitors we calculated transfer bias scores (Excitors: Same / Total Rs;
Inhibitors: Diff / Total Rs), with scores above .5 indicating a bias in action. Examining the
clusters generated for the excitatory specific transfer scores found one cluster that reflected
the expression of specific transfer (cluster mean: .925, n = 20), with the other cluster reflect-
ing no bias in action-selection (Figure 5.10A; cluster mean: .464, n = 4), with the between
cluster variation accounting for 79.9% of the total variance in the samples. Similarly, the two
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Figure 5.7: Causal Ratings of the Trained Stimuli and Novel Excitors in the
Learner subgroups. No differences in the causal ratings of the A) Trained Excitors and
Inhibitors or B) Novel Excitors were found between the Specific and General Learners Error
bars are ± SEM.
clusters revealed with through the cluster-analysis revealed one cluster that reflected a lack of
bias in action-selection (Figure 5.10B; cluster mean: .46, n=17), and the other reflecting the
opposite bias to the excitatory stimuli (cluster mean: .892, n = 7), with the between cluster
variance accounting for 71.1% of the total variance. Although, as expected, the proportion of
Specific Learners was higher in the bias cluster compared to the no-bias cluster, the Learner
Subgroups and data-based clusters did not completely align.
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Figure 5.8: Causal Ratings of Trained and Novel Stimuli in the Learner Subgroups.
In both the Specific and General Learner subgroups the causal ratings of the novel compounds
revealed evidence of outcome-specific inhibition, with inhibitors decreasing causal ratings
more when they had been trained to prevent the outcome paired with the within-compound
excitor. Error bars are ± SEM.
An index of outcome-specific inhibition was calculated for the summation test through
subtracting the causal ratings for the Congruent novel compounds from the Incongruent novel
compounds, such that higher scores reflect greater specificity in the inhibitory associations
with the Congruent compounds rated as more preventative. Examining the clusters produced
through the k-means analysis revealed one cluster reflecting the absence of specificity in the
inhibitory causal ratings (Figure 5.11; cluster mean: -.291, n = 16), and the other reflecting
outcome-specific inhibitory associations with the Congruent novel compounds rated as more
preventative (cluster mean: 11.438, n = 8), with the between cluster variance accounting
for 80.1% of the total variance. Interestingly, despite the two clusters clearly reflecting
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Figure 5.9: Causal Ratings of Trained and Novel Stimuli in the Learner Subgroups.
In both the Specific and General Learner subgroups the causal ratings of the novel compounds
revealed evidence of outcome-specific inhibition, with inhibitors decreasing causal ratings
more when they had been trained to prevent the outcome paired with the within-compound
excitor. Error bars are ± SEM.
differences in the nature of the inhibitory association used, this was not related to the reported
contingencies, with the same proportion of Specific Learners found in each data-based cluster.
We next examined if there was any relationship between outcome-specific inhibition as
measured on the summation test, and the expression of inhibitory specific transfer. A cor-
relation of inhibitory specific transfer bias, and summation specificity revealed no significant
group relationship (r = .045, p > .05), demonstrating that evidence of outcome-specific inhi-
bition in one behavioural task was not related across the two behavioural tasks. To examine
this in greater detail, we then used these two measures to run an additional k-means cluster
analysis. The two clusters revealed were centered around the same general/specific inhibition
distinctions revealed in the summation data whilst only differing marginally on the measures
of inhibitory specific transfer, suggesting that these measures are not assessing the general
and outcome-specific inhibitory associations similarly (Figure 5.12). Additionally, as with
the summation only cluster analysis, Specific Learners were equally distributed in both clus-
ters, further demonstrating that the self-reported inhibitory contingencies did not completely
reflect the use of these associations as observed in the transfer and summation tests.
5.3.3 Imaging Results
Due to problems during imaging acquisition two participants were excluded, leaving 23 par-
ticipants for imaging analysis. Regions of particular interest are reported below. As stated
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A B
Figure 5.10: Cluster analysis of the expression of transfer in the presence of the
individual excitors and inhibitors. K-means cluster analyses were performed to ex-
amine if the two subgroups identified through our self-reported contingency data could be
distinguished through their behavioural data alone. A) Both clusters of excitatory specific
transfer demonstrated bias, with individuals from each inhibitory learner subgroup equally
represented in both. B) Cluster analysis of the inhibitory specific transfer data revealed two
subgroups - one expressing no bias, and the other showing the opposing bias to excitatory
specific transfer.
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Figure 5.11: Cluster analysis of outcome-specific inhibition as assessed through
the summation test. Two subgroups were revealed, one that did not distinguish between
the Incongruent and Congruent novel compounds in their causal ratings, the other in which
participants rated the Congruent novel compound as more preventative than the Incongruent
novel compound. The proportion of Specific Learners in these subgroups did not differ.
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Figure 5.12: Cluster analysis of the measures of inhibition through the transfer
and summation tests.
above, due to the exploratory nature of our inhibitory Pavlovian-instrumental transfer anal-
yses, whole-brain analyses were performed using a relatively liberal threshold of p < .001
uncorrected with a cluster threshold was set at k = 7. Clusters were labeled using the Au-
tomated Anatomical Labeling SPM toolbox. Complete tables of activation for each contrast
are reported in Appendix C.
Shared Neural Correlates of Excitatory and Inhibitory Stimulus-promoted Ac-
tion.
As outlined above, activity associated with the expression of specific transfer was exam-
ined through contrasting activity associated with the presentation of excitatory or inhibitory
stimuli, parametrically modulated by the number of stimulus promoted responses made, to
activity associated with the presentation of the neutral stimulus. These separate assess-
ments of the neural correlates of specific transfer revealed activity shared between excitor
and inhibitor driven action in a number of regions.
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Posterior Putamen Activity in the left posterior putamen was associated with the mag-
nitude of stimulus promoting responding driven by the Individual Excitors (Figure A; x, y,
z = -30, -8, -6, k = 10). For the Individual Inhibitors, this contrast revealed greater activity
bilaterally in the posterior putamen (Figure B; x, y, z = -32, -10, 8, k = 81; x, y, z = 12, -30,
6, k = 180) associated with the inhibitor promoted action compared to the neutral stimulus,
with activity in the left posterior putamen overlapping that associated with the expression
of excitatory specific transfer. Activity in this region was also associated with Congruent
Compound promoted action, with the contrast revealing significantly greater activity in the
posterior putamen (Figure C; x, y, z = 28, -14, 6, k = 107), extending into the pallidum and
the thalamus. No activity in the putamen was associated with the Incongruent Compound
promoted action. Although these patterns of activity were broadly consistent with the pre-
vious studies, the putamen activity associated with the expression of specific transfer in the
current study appeared to be more dorsal than the prior posterior putamen activity impli-
cated in this process. This was confirmed through ROI analyses, in which bilateral putamen
masks centered around the average putamen activity (as in Morris et al. (2015)) revealed no
significant activity within these ROIs in any of the above contrasts (see Appendix C for ROI
masks used and further details of these analyses).
Dorsomedial PFC In the presence of the Individual Excitors and Inhibitors, greater ac-
tivity associated with stimulus promoted responding compared to activity associated with
the neutral stimulus was found in the dorsomedial PFC (Figure 5.14: Individual Excitors: x,
y, z = -18, 46, 46, k = 130; Individual Inhibitors: x, y, z = -12, 46, 50, k = 25). No activity
in this region was observed in the relevant contrasts regarding specific transfer driven by the
Congruent or Incongruent compound stimuli.
Differences in Activity Associated with Excitatory and Inhibitory Specific Trans-
fer
In addition to regions involved in the expression of transfer generally, we were also interested
in examining differences in activity reflecting the shift from the excitatory to inhibitory biases
in action-selection. This shift is most clearly probed through contrasts regarding the Indi-
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Figure 5.13: Posterior putamen activity is associated with stimulus promoted ac-
tion driven by excitatory and inhibitory stimuli. A) Same responses in Individual
Excitors > Neutral Stimulus B) Different responses in Individual Inhibitors > Neutral Stim-
ulus. C) Different responses in Inhibitory Congruent Compounds> Neutral Stimulus. Images
thresholded at p < .001, uncorr.
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B)
Figure 5.14: Activity in a region of dmPFC associated with specific transfer driven
by individual excitatory and inhibitory stimuli. Activity in this region was associated
with stimulus promoted action, with greater activity associated A) the number of Same
responses in the presence of the Individual Excitors and B) the number of Different responses
in the presence of the Congruent Compounds found, compared to activity associated with
the Neutral stimulus presentation. Images thresholded at p < .001 uncorr.
vidual Excitors and Congruent Compounds, where the congruent compound maintains the
presence of the excitatory stimulus, however the addition of the inhibitor results in a reversal
of the transfer effect. A contrast of the activity parametrically modulated by the degree of
stimulus promoted responding for the Individual Excitors and Congruent Compounds, found
that greater activity in the medial and lateral OFC (Figure 5.15; x, y, z = -30, 48, -16,
k = 157) , and dlPFC (x, y, z = -26, 34, 54, k = 21) was associated with the magnitude
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of the stimulus promoted action driven by Individual Excitors compared to the Congruent
Compounds.
A)
C)
B)
D)
Figure 5.15: Regions of OFC activity sensitive to the nature of the specific transfer
effect. A) Comparing activity associated with stimulus promoted action driven by individual
excitors and inhibitory congruent compounds revealed greater OFC activity associated with
excitatory specific transfer compared to inhibitory specific transfer. This difference was found
in the lateral (B) and medial/central (C,D) regions of the OFC. Images thresholded at p <
.001, uncorr.
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Activity Associated with Excitor-related Action Preference in Individual Exci-
tors and Congruent Compounds.
In addition to examining the difference between excitatory and inhibitory specific transfer
using degree of stimulus-promoted action as a parametric modulator, we also examined differ-
ences in activity between the Individual Excitors and Congruent Compounds by calculating
the preference for the excitor-paired action (Same Rs - Diff Rs / Total Rs) for each trial
in these stimulus types. Positive values reflect responding biased towards the excitor, and
negative values reflect a bias away from the excitor. This allows the shift in bias produced by
the inhibitor in the congruent compound to be quantified on the same scale as the bias pro-
duced by the excitors alone, potentially allowing for a more sensitive approach to examining
neural activity associated with shifts that maximize the variation between the excitatory and
inhibitory stimuli. This contrast revealed bilateral activity in the anterior putamen (Figure
5.16; left: x, y, z = -26, 6, -2, k = 72; right: x, y, z = 26, 6, 2, k = 36) was greater during the
Individual Excitors than the Congruent Compounds, higher when the excitor-paired action
was preferred and lower when the alternate action was chosen. Similarly to the differences
in activity associated with the expression of specific transfer by the two compounds, greater
activity in the posterior lateral OFC (Figure 5.17; x, y, z = 38, 26, -16, k = 29) was associ-
ated with the excitor-paired action bias. This contrast was also associated with activity in
a large cluster extending from the superior parietal lobe into the Precentral gyrus (Figure
5.18; x, y, z = 28, -34, 60, k = 330) Differences in activity in the thalamus (x, y, z = -6,
-22, -2, k = 53)and in a cluster extending across the left and right middle cingulate and
supplementary motor areas (Figure 5.19: x, y, z = 2, -32, 50, k = 220) were also observed
using this contrast.
5.4 Discussion
In this study our aim was to replicate our prior demonstration of inhibitory specific transfer
in humans and to clarify the nature of the inhibitory Pavlovian associations acquired and
to examine the neural substrates underlying this inhibitory transfer effect. Although differ-
ences in the proportions of participants reporting learning the outcome-specific inhibitory
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Figure 5.16: Anterior putamen activity associated with excitor-paired action pref-
erence. Comparing activity associated with excitor-paired action preference in Individual
Excitors and Congruent Compounds found differences in ventral putamen activity associated
with the shift in bias from towards the excitor in the Individual Excitors and away from the
excitor-paired action in the presence of the Congruent Compounds. Images thresholded at p
< .001, uncorr.
Figure 5.17: Activity in a region of lateral OFC associated with excitor-paired
action preference. A region of lateral OFC was sensitive to the excitor-paired action
preference, with greater activity associated with bias towards the excitor-paired action in
the Individual Excitors compared to the bias away from the excitor-paired action in the
Congruent Compounds. Images thresholded at p< .001, uncorr.
associations in this experiment compared to our previous experiments resulted in a blunted
inhibitory specific transfer effect observed in our group data, we were able to demonstrate
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Figure 5.18: Activity in a region of Superior Parietal Lobe associated with differ-
ences in excitor-driven action bias. Differences in activity associated with the excitor-
driven action bias observed in the presence of the Individual Excitors and the inhibitory
Congruent Compounds revealed higher activity in the superior parietal lobe was associated
with the bias towards the excitor-driven action in the presence of the Individual Excitors.
Images thresholded at p < .001 uncorr.
Figure 5.19: Middle cingulate and SMA activity is associated with excitor-driven
action bias. Comparing activity associated with the Individual Excitors and inhibitory
Congruent Compounds revealed that differences in activity modulated by bias towards the
excitor-driven action was associated with differences in activity in the middle cingulate ex-
tending into the SMA. Images are thresholded at p< .001 uncorr.
that inhibitory stimuli selectively suppressed responding on the action associated with the
outcome predicted absent. Furthermore, we were able to replicate the distinct patterns of
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responding observed in the Specific and General Learner subgroups. Regarding the imaging
findings, that posterolateral putamen activity was associated with the expression of excita-
tory specific transfer is broadly consistent with the emerging research regarding the neural
correlates of specific transfer in humans (Bray et al., 2008; Morris et al., 2015; Pre´vost et
al., 2012; Steenbergen et al., 2017). Activity in this region was also associated with the
expression of specific transfer driven by individual and compound inhibitory stimuli. This
suggests that, at least in the striatum, a shared neural mechanism for stimulus promoted
action-selection more broadly.
5.4.1 Inhibitory Pavlovian Stimuli Influence Action-Selection and Response
Vigor in Humans
As stated above, the behavioural results obtained from the transfer test broadly replicate our
previous study observing outcome-specific inhibitory transfer in humans. Although the same
bias in action-selection was observed at the overall group level in this experiment the magni-
tude of this bias was blunted. No significant difference in the rate of responding on the two
actions in the presence of the Individual Inhibitors was observed, however when comparing
these actions to the Pre-CS baseline, a selective suppression of responding on the Same action
was observed, consistent with our previous results. One explanation for this discrepancy is
the hetrogeneity in the inhibitory associations participants reported learning. In this exper-
iment, as in our prior study, a subset of participants reported learning the outcome-specific
inhibitory associations whilst others reported learning only about the general inhibitory na-
ture of the stimuli. These reported associations appear to be important for the expression
of inhibitory transfer, as we were able to observe the same distinct patterns of responding in
the different Learner subgroups. Participants who reported learning about the identity of the
outcome predicted absent by the inhibitors displayed a bias in action-selection, shifting re-
sponding away from that outcome, whereas participants who did not learn about the identity
of the inhibited outcome displayed no bias in action-selection. However, the current study
differed from our prior research in the proportion of participants in these subgroups. In our
previous experiment, the majority of participants reported learning the outcome-specific in-
hibitory associations, whereas in the current study only above a third of participants learned
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these associations. Therefore, despite replicating our distinctions between outcome-specific
and general inhibitory learning transfer effects in both the subgroup analyses, and in the
Bayesian model, inhibitory transfer when assessed at the overall group level was less clear.
Consideration of the relative baselines of responding provides an additional explanation
for the distinction between our replications of the selective suppressive effects, but not the
bias in responding in the presence of the inhibitors (Colagiuri & Lovibond, 2015). We have
been able to demonstrate that the same inhibitory learning is revealed differently depend-
ing on whether baseline responding is high or low. As was discussed in Chapter 3, the
relatively high and robust baseline rate of responding we observe in our transfer tests is
particularly problematic when attempting to interpret our inhibitory transfer effects, as it
remains ambiguous if the bias is driven solely by a suppression of the Same action, or if the
inhibitory stimulus was enhancing responding on the Different action. Furthermore, attempts
to interrogate this by manipulating experimental parameters designed to decrease baseline
responding did not succeed at lowering the rate of responding in the absence of the stimuli in
our behavioural experiments. In contrast, in this experiment the baseline rate of responding
was substantially lower than that observed in our prior two behavioural experiments (64% of
Ch3 Exp1, 77% of Chapter 3 Experiment 2), potentially due to the delay between training
and the transfer test and the context change associated with conducting the transfer test
in the MRI scanner. With this lowered baseline, we were still able clearly to observe the
inhibitory transfer effect as a suppression of responding on the action associated with the
prevented action, and we did not observe any clear elevation of the alternate action above
baseline, suggesting that the inhibitory transfer effects observed in this task may be primarily
driven by suppression of the Same action rather than the elevation of the alternate action
observed by Laurent and Balleine (2015). Indeed, the selective suppression observed in this
study remains consistent with the manner in which the outcome-specific inhibitory stimuli
influenced performance in Delamater et al. (2003). Nevertheless, further research is needed
to understand the conditions that influence the ability to detect outcome-specific inhibitory
transfer and the associative mechanism driving this effect in humans.
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5.4.2 Summation Test Demonstrates Outcome-Specific and General In-
hibitory Associations.
In addition to demonstrating inhibition in participants responding on a transfer test, in this
study we intended to expand our prior experiments by examining the inhibitory associations
separately through a summation test. As in our previous attempts in Chapter 4, in this study
we were able to replicate our demonstration of general inhibitory associations, with the in-
hibitors decreasing causal ratings of an excitor when paired in compound regardless of the
excitor outcome. Additionally, evidence for outcome-specificity in the inhibitory associations
was observed for the first time using this task in this study, with inhibitors more effective
at decreasing the causal rating of an excitor paired with the same outcome with which it
had been trained (Congruent Novel Compounds) than an excitor paired with an alternate
outcome (Incongruent Novel Compounds). This provides further evidence that the inhibitory
conditioning procedure was more effective at generating outcome specific inhibitory associa-
tions than the prior attempt to examine inhibitory specific transfer in humans. For example,
Alarco´n and Bonardi (2016) were only able to generate non-specific inhibition as assessed
in their summation tests. That outcome-specificity in the summation test was observed in
this experiment suggests that the inclusion of the instrumental conditioning in addition to
the feature-negative conditioned inhibition procedure aids the development of this outcome-
specific discrimination.
Evidence of Outcome-Specific Inhibitory Conditioning Independent of Explicit
Awareness
Unexpectedly, the reported nature of the inhibitory associations learned and the evidence
of outcome-specific inhibition in causal ratings did not appear to be related, in contrast to
the repeated observations of these learner subgroup differences in the transfer test. No in-
teraction between Learner Subgroup and the specificity of inhibitory summation ratings was
observed and within both Learner Subgroups the Congruent Novel Compounds were more
effective at decreasing causal ratings that the Incongruent Novel Compounds. Participants
in the General Learner subgroup did not report learning about the identity of the outcomes
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prevented by the Inhibitors and did not show any evidence of outcome specificity in the
way in which the inhibitors influenced their responding in the transfer test. However, their
causal ratings in the summation test revealed evidence for outcome-specific inhibitory learn-
ing. This suggests that our feature-negative conditioned inhibition procedure was generating
outcome-specific inhibition that was not adequately revealed through self-report contingency
questionnaires or transfer measures in this subgroup. In addition to the acquisition of the
CR, Pavlovian conditioning in humans can also result in propositional learning about the
relationship between a CS and its paired outcome. The role of the explicit awareness of the
contingency in the acquisition of Pavlovian associations in humans has been an area of much
contention. In an extensive review of the human conditioning literature Lovibond and Shanks
(2002) conclude that there is as yet no convincing evidence for the expression of conditioning
in humans without explicit awareness of that contingency. That we were able to observe
evidence of outcome-specific inhibition using a causal rating task in participants who did not
report explicit awareness of the outcome-specific inhibitory associations suggests that the
summation test may not be as driven by explicit awareness of the Pavlovian contingencies
as the self-report assessments of inhibitory associations. Nevertheless, our findings regarding
awareness are related to the sensory-specific Pavlovian associations rather than the general
motivational effects of conditioning, suggesting that this aspect of Pavlovian conditioning
may be able to be expressed without explicit awareness in humans.
5.4.3 Outcome-specific Inhibition Revealed Differentially in Transfer and
Summation Tests
As discussed above, we found differences in the nature of the inhibitory association revealed in
the transfer and summation tests. This unexpected finding suggests that the summation test
assessed outcome-specific inhibition in a distinct manner to the transfer test and contingency
assessments, which appeared to reflect learning similarly. The distinction between the two
inhibition detection tasks was confirmed using a cluster analysis. For both the measures of
inhibition in the transfer and summation tests the k-means cluster analysis revealed a cluster
reflecting an absence of outcome-specificity in the inhibitory association. However, another
cluster reflected the use of outcome-specific inhibitory information, showing a shift in bias
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away from the prevented outcome in the transfer test such that ratings of the Congruent Novel
Compound suggested it was more effective at preventing the paired outcome delivery than
the Incongruent Novel Compound. Regarding the transfer test data, the distinct patterns we
observed between the Specific and General Learners were reflected in the clusters generated
through the behavioural data alone adding further support to our claim that distinct sub-
groups developed different inhibitory associations using our task. As would be expected from
our Learner Subgroup analyses, the contingency measures and cluster membership were rela-
tively well aligned. However the fit was not perfect, with some General Learners allocated to
the specific bias cluster, and vice-versa, demonstrating that these explicit contingency mea-
sures were not entirely predictive of transfer performance. This was more clearly evident in
the cluster analysis of the Summation Test data. As the Learner Subgroups did differ in the
use of outcome-specific information in the Summation Test, the distinct clusters reflecting
general and outcome-specific inhibitory associations was unexpected. As mentioned above,
the cluster analysis revealed the same general and outcome-specific subgroups within the
Summation Test causal ratings, however this was not related to the self-reported inhibitory
associations, with the same proportion of Specific Learners allocated to each cluster.
5.4.4 Shared Neural Correlates of Excitatory and Inhibitory Specific Trans-
fer
Posterior Putamen
Activity in the posterolateral putamen was greater during the Individual Excitors and In-
hibitors and Congruent Compounds compared to activity associated with the Neutral stimu-
lus. Of the limited studies examining the neural substrates of specific transfer in humans, the
putamen has consistently emerged as a region of clear involvement. Activity in the ventro-
lateral posterior putamen has been associated with the expression of specific transfer driven
by excitors (Bray et al., 2008; Morris et al., 2015; Pre´vost et al., 2012), whereas Steenbergen
et al. (2017) observing activity in a slightly more dorsal region. Separately, anterior putamen
activity has been associated with transfer driven by aversive stimuli (Lewis et al., 2013).
Although the ROI analysis we performed using masks derived from the results of Bray et
al. (2008) and Pre´vost et al. (2012) did not reveal any ventral putamen activity overlapping
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with that previously observed, the more dorsal posterior putamen activity is consistent with
that observed in Steenbergen et al. (2017). Therefore, we were able to broadly replicate the
previous research implicating the posterior putamen in the expression of excitatory specific
transfer and to demonstrate for the first time that activity in this region is also associated
with specific transfer driven by inhibitory stimuli. Unexpectedly, the activity associated with
inhibitory transfer we observed was closer to that associated with excitatory specific transfer
than activity associated with aversive stimuli (Lewis et al., 2013). Lewis et al. (2013)observed
putamen activity more anteriorly than the other studies examining specific transfer, and this
increase in activity was not selective to the specific transfer stimuli. As such, the activity
observed in that study may be more related to aversive stimuli more generally and not their
ability to influence action-selection. Additionally, despite the Incongruent Compounds bias-
ing action-selection similarly to the Individual Excitors, posterior putamen activity was not
observed with Incongruent Compound driven action. As the excitor-inhibitor pair of this
compound was not experienced during training, the lack of putamen activity in this case
suggests that this novel stimulus combination may be driving choice in a different manner to
the trained stimuli.
Dorsomedial PFC
In addition to shared striatal activity, greater dorsomedial PFC activity was associated with
stimulus promoted action selection driven by both the individual excitatory and inhibitory
stimuli when compared to the neutral stimulus. The medial PFC has, amongst other func-
tions, been proposed to reflect predictions regarding action-value. Both Liljeholm et al. (2011)
and Tanaka, Balleine, and O’Doherty (2008) observed activity in the medial frontal cortex
that reflected the action-outcome contingency, with Tanaka et al. (2008) demonstrating that
medial PFC activity increased as the action-outcome contingency increased. Liljeholm et al.
(2011) replicated this effect and suggested that this region may also contribute to the compu-
tation of contingency. Our observation of greater mPFC activity associated with individual
excitatory and inhibitory stimuli, in comparison to the neutral stimulus, adds further support
to the Cartoni, Puglisi-Allegra, and Baldassarre (2013) Bayesian model of specific transfer,
in which the influence of the stimuli on the expected contingency of a specific action-outcome
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pairing drives the bias in action-selection.Nevertheless, this is rendered somewhat equivocal
by the finding that the compound stimuli failed to show this effect.
5.4.5 Differences in dlPFC and mOFC Activity between Transfer Driven
by Excitatory and Inhibitory Transfer Expression
In addition to demonstrating shared neural substrates, we examined regions that differed in
activity in the expression of excitatory and inhibitory specific transfer. We observed greater
activity in the dlPFC and medial OFC during driven specific transfer driven by the excitors
than during the congruent compounds.
Medial OFC
Activity in the medial OFC has been associated with a range of reward-related processes in
humans (see O’Doherty (2007) for a review.), but amongst these functions has been track-
ing expected or predicted value for stimuli or actions. As the stimuli (S1 - O1, S1S3 NO
O1) and the actions (R1 - O1, R2 - NO O1) in our contrast of interest differ with regard
to their predicted value, this difference in activity is unsurprising particularly if it reflects
inhibitory stimulus or action-outcome associations. Recent research in the rodent literature
has suggested that the mOFC is involved in retrieving the identity of unobservable outcomes
associated with specific actions (Bradfield et al., 2015). Although our results are consistent
with this function, this specificity has not yet been demonstrated clearly in the human liter-
ature. More recently, a novel conception of the role of the medial OFC has suggested that
it encodes state representations - unobservable latent causes that signal the state of the task
(Wilson et al., 2014). This theory of OFC function is consistent with multivariate pattern
analyses (MVPA) of fMRI data that has demonstrated that the OFC tracks information re-
garding the hidden state of a task in humans (Schuck et al., 2016). Information about these
task states may be crucial for the distinction between excitatory and inhibitory transfer.
Despite the same excitors being present in the individual Excitatory and inhibitory Congru-
ent Compounds, the addition of the inhibitor in the congruent compound signals that the
excitor paired outcome is not available and that action selection should be shifted to other
actions Although this theory of OFC activity is consistent with our behavioural task and our
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imaging results, the task design does not allow for the different theories of OFC function to
be distinguished.
Dorsolateral Prefrontal Cortex
Greater activity in the dlFPC was associated with actions driven by individual excitatory
stimuli compared to the inhibitory congruent compounds. As with the mOFC, the dlPFC
has been associated with a range of functions, but relevant to the current study, it has been
implicated in the comparison of action-values. Morris, Dezfouli, Griffiths, and Balleine (2014)
reported that in a free-response tasks with two actions available activity in the dlPFC tracked
the difference in the probabilities of each action producing reward, with activity in this region
modulating motor cortex activity and action output. More recent computational theories of
specific transfer suggest that the stimuli are able to bias action-selection by influencing the
perceived probability that an action will be reinforced (Cartoni et al., 2013) are consistent
with the involvement of this region in the expression of specific transfer. Greater activity
in this region may reflect the larger bias and sPIT effect observed in the presence of the
excitatory stimuli compared to inhibitory compounds. Additionally, as the reversal in the
bias of action-selection produced by the inhibitory stimuli is proposed to be driven through
shared inhibitory associations between stimuli and action (Laurent & Balleine, 2015), the
expression of inhibitory specific PIT may not be driven by changes in action reinforcement
probabilities in the same manner as excitatory specific PIT, explaining the differences in
activity observed in this region.
5.4.6 Activity Tracking Magnitude of Bias Towards and Against Excitor
Driven Action Selection
Assessing activity reflecting the switch from excitatory to inhibitory transfer by comparing
Individual Excitatory and Inhibitory Congruent Compound activity (modulated by a measure
of the bias towards or away from the excitor-paired action) revealed differences in activity in
the anterior putamen, lateral OFC, and the mid dorsal cingulate. Activity in these regions
was higher when excitatory stimuli produced a bias towards the excitor-paired action and
lower when congruent compounds shifted responding away from that action.
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Anterior Ventral Putamen
In contrast to the posterior putamen activity that we observed, activity associated with a
shift in the direction of stimulus-promoted action selection was observed bilaterally in the
anterior ventral putamen. Activity in the ventral putamen has previously been implicated
in Pavlovian conditioning in humans, with O’Doherty et al. (2004) demonstrating that the
ventral putamen tracks stimulus-reward prediction errors during conditioning. This region
may also be involved in retrieving stimulus-outcome values during transfer tasks (Lewis
et al., 2013). In this aversive Pavlovian-instrumental transfer task, increased activity in
the putamen was associated with the presentation of both the outcome-specific and general
Pavlovian stimuli. This is inconsistent with the other studies in humans that have examined
appetitive excitatory specific and general transfer separately using a 3CS design, in which
posterior putamen activity is activated selectively during specific transfer (Morris et al., 2015;
Pre´vost et al., 2012), and ventral striatum activity associated with the general motivational
effects of the CSs (Morris et al., 2015). Previous research has demonstrated increased activity
in the ventral striatum in anticipation of aversive stimuli (Jensen et al., 2003) and, therefore,
the anterior putamen activity observed in the transfer test of Lewis et al. (2013) may reflect
the aversive predictions elicited by the specific and general stimulus presentations. Consistent
with this, the bilateral anterior ventral putamen activity we observe may reflect the predictive
stimulus-outcome associations used to influence performance on the excitor-paired action,
with the difference in activity reflecting the switch from predicted outcome-delivery in the
presence of the Individual Excitors to the predicted prevention of the outcome signaled by
the addition of the inhibitor in the Congruent Compounds.
Lateral OFC
Activity in the lateral OFC was also found to differ with excitor-paired action bias between
the Individual Excitors and the inhibitory Congruent Compounds, with higher activity in the
posterior lateral OFC associated with excitor-paired action bias in the Individual Excitors.
Studies attempting to distinguish the role of the medial and lateral OFC in humans have
recently demonstrated that activity in the lateral OFC encodes the sensory-specific stimulus-
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outcome representations, in comparison to information regarding the predicted value of that
outcome (Howard et al., 2015; Klein-Flu¨gge et al., 2013). As the ability for a Pavlovian
stimulus to retrieve an internal representation of the identity and sensory-specific features of
the outcome is necessary for the expression of specific transfer, according to the S-O-R theory
(Balleine & Ostlund, 2007), our findings are consistent with these findings. Greater lateral
OFC activity was associated with stronger excitor-paired action bias, and higher in the ex-
citatory stimuli than the inhibitory congruent compound, suggesting that this reflects the
retrieval of the sensory-specific outcome representation by the stimulus (S - O), which then
allows for the expression of specific transfer through retrieval of the appropriate O-R associ-
ation through the shared O representation. Interestingly, despite the Congruent Compounds
containing the Individual Excitors within the compound, differences in the lateral OFC could
be observed. In this contrast the largest differences reflect the individual excitors eliciting a
specific outcome representation to guide action towards that outcome, and inhibitory con-
gruent compounds eliciting an outcome-specific inhibitory association that shifts action away
from that outcome. This suggests that neural signals associated with the prediction and pre-
vention of outcome-specific stimulus-outcome pairings are able to be distinguished in the
lateral OFC.
Superior Parietal Cortex
A cluster spanning the superior parietal cortex and precentral gyrus was also found to track
differences in the excitor-paired action bias between the Individual Excitors and inhibitory
Congruent Compounds. Activity in the superior parietal lobe (SPL) has been associated with
encoding S-R associations (Liljeholm, Molloy, & O’Doherty, 2012), with higher SPL activity
during instrumental training associated with greater insensitivity to outcome-devaluation,
and habitual S-R driven responding. To the extent that the outcome-response associations
that drive specific transfer constitute a particular type of S-R association, with the outcome
acting as the stimulus (Corbit & Janak, 2007), the activity we observe related to the excitor
paired action bias could be taken to reflect the use of these associations to drive the excita-
tory specific transfer effect. This region has also been implicated in encoding state prediction
errors, with Gla¨scher, Daw, Dayan, and O’Doherty (2010) observing that activity that ex-
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tended into the SPL varied with the state-prediction error in a model-based model-free task.
Additionally, it was observed that the neural signal reflecting the SPE in this region was
related to future behavioural choice, with the degree to which the representation of the SPE
was encoded influencing how likely a participant was to respond correctly in a future session.
This suggests that the differences in activity in the SPL we observed reflect the differences
in state representations in the presence of the two stimuli, and drive the switch from biasing
action towards the excitor-paired action in the presence of the Individual Excitor to bias-
ing action away from that action in the presence of the Congruent Compounds, despite the
excitatory stimulus being present in both conditions.
5.4.7 Limitations & Future Directions
A clear limitation of the current study is the efficacy of our feature-negative conditioned
inhibition procedure in generating robust outcome-specific inhibitory Pavlovian associations
that are able to be detected consistently across all participants. Although this paradigm
improves on the prior attempt to generate outcome-specific Pavlovian inhibitors in order to
examine inhibitory specific transfer in humans (Alarco´n & Bonardi, 2016), in which outcome
specificity was neither observed in the transfer or summation tests, it remains much less
effective than the various conditioning procedures that have been optimized in the animal
literature (Delamater et al., 2003; Laurent & Balleine, 2015). The results from our pre-
vious behavioural experiments using this task (Chapter 3) suggested that there would be
heterogeneity in the nature of the inhibitory associations reported by participants. Despite
observing the same distinctions between the learner subgroups in this study, the substantial
difference in the proportion of participants in these subgroups between these experiments
was unexpected. Although this may reflect sampling differences, with the true proportion
of participants learning outcome-specific inhibitory associations in this task somewhere be-
tween our two experiments, there clearly remains some unidentified factor that influences
participants awareness and their use of the outcome-specific inhibitory contingencies. Fur-
ther research is needed to establish if the efficacy of our conditioned inhibition procedure
can be increased through parameter manipulations or changes to the task design. Another
task that demonstrates between-participant differences in learning from the same training
The Neural Substrates of Inhibitory Pavlovian-Instrumental Transfer 201
is the two-stage discrimination task (Otto, Skatova, Madlon-Kay, & Daw, 2014). This task
uses a simple behavioural procedure that assesses the degree to which participants reliance
on habitual (repeated) or goal-directed (flexible) choices in guiding choice to be quantified,
with differences in the balance of these two measures differing between participants. These
differences in the bias in learning have been associated with other measures of cognitive
control (Otto et al., 2014), processing speed (Schad et al., 2014), and with various compul-
sive disorders (Voon et al., 2015). Examining the development and use of outcome-specific
inhibitory Pavlovian associations with a larger sample size and with additional behavioural
and cognitive measures could help clarify if there are underlying psychological differences
between the participants who are more likely to report learning outcome-specific inhibitory
associations and those that are not.
Complicating our interpretation of any difference between the Specific and General learner
subgroups is our unexpected dissociation of outcome-specific inhibition, as assessed using the
transfer and summation tests. The need to distinguish true conditioned inhibition from other
learning phenomena that may present similarly led Rescorla (1969) to outline summation and
retardation-of-acquisition tasks as appropriate for detecting inhibition. However, using mul-
tiple measures of inhibition within a single study remains uncommon.Delamater et al. (2003)
argued that, in addition to demonstrating inhibition through a traditional retardation-of-
acquisition test, the influence of the inhibitors on action in the transfer test reflects a sum-
mation test, therefore such findings reflect the detection of inhibition using both common
standards of conditioned inhibition. Laurent and Balleine (2015) also demonstrated evidence
of inhibition using these two measures. However, our findings suggest that in our human
tasks responding during the transfer test does not reflect inhibition in the same manner as
the summation test. It has previously been demonstrated in humans that the same condition-
ing procedure can produce inhibition detected in separate summation and retardation tests
(Urcelay et al., 2008) and, therefore, the dissociation between these measures observed in this
study may be driven by specific features of the behavioural tasks used. The ability to detect
conditioned inhibition using causal rating summation tests has been shown to be sensitive to
instructions and task framing, with the same feature-negative conditioned inhibition training
procedure to produce second-order conditioning or conditioned inhibition dependent on the
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time participants have available to make their judgments (Karazinov & Boakes, 2004; Lee &
Livesey, 2012). The differences in outcome-specific and general inhibitory associations we are
able to observe in our two tasks may be driven by similar factors. Replicating these distinct
patterns of inhibition in transfer and summation tests, and examining whether manipulating
task instructions or framing influences the nature of the inhibitory associations we are able
to detect in the summation test will allow for a clearer understanding of the conditions that
influence how the acquired inhibitory associations are used by participants.
Regarding the imaging results, unexpected technical limitations of the scanner reduced
the length of the transfer test we could conduct by one trial on each stimulus and so a
duration shorter than that previously used in the behavioural assessments of these effects
(Chapter 3). Increasing the length of the test, and thus the number of stimulus presentations
in each condition, would have allowed for a more robust analysis of the neural substrates
associated with the excitatory and inhibitory specific transfer processes. An additional limi-
tation of our imaging analysis was the variation in the nature of the inhibitory associations
participants reported learning and a lower proportion of Specific Learners in our participants
than expected based on our prior experiments. Although parametrically modulating BOLD
activity induced by the inhibitors by this responding allowed for variation in the expression
of inhibitory sPIT to be exploited in this study, a more efficient conditioning paradigm may
have allowed activity related to the inhibitory transfer effects to be more clearly detected,
and distinctions between the Specific and General Learner subgroups to be established ex-
amined more clearly. Furthermore, unlike studies of specific and general excitatory transfer
(Morris et al., 2015; Pre´vost et al., 2012), we did not include stimuli that assessed excita-
tory or inhibitory general transfer. As the distinct neural substrates of excitatory specific
and general have been established in both rodents (Corbit & Balleine, 2005) and humans
(Pre´vost et al., 2012), and inhibitory stimuli appear to have distinct behavioural effects on
motivation and action-selection, including a non-specific inhibitory stimulus would allow for
potentially distinct neural substrates of these processes to be revealed.
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5.4.8 Conclusion
The ability for instrumental action and choice to be influenced by inhibitory as well as excita-
tory stimuli is becoming an area of increasing interest, with behavioural demonstrations of the
influence of outcome-specific inhibition on specific transfer observed in rodents (Delamater
et al., 2003; Laurent & Balleine, 2015), and in humans (Chapter 3). The limited research
into the neural substrates of this process suggests at least some shared neural substrates
between excitatory and inhibitory specific transfer (Laurent et al., 2015); however in con-
trast to excitatory specific transfer the neural substrates of this effect have remained largely
unexamined in both rodents and humans. The study in this chapter was able to extend our
understanding of the neural substrates of inhibitory transfer in humans by demonstrating
shared activity in the posterior putamen, implicating this region in the expression of specific
transfer more broadly than the excitatory specific transfer effects with which it had previ-
ously been associated. Additionally, differences in activity associated with the excitatory
and inhibitory specific transfer effects in prefrontal regions and the parietal cortex give fur-
ther insight into the neural mechanisms through which this shift in bias is driven. These
findings are important, not only for expanding our understanding of the neural correlates of
stimulus driven action beyond excitatory conditioning, but by suggesting that the generation
of internal state representations proposed to guide behaviour in a number of paradigms in
humans and rodents (Bradfield et al., 2015; Gla¨scher et al., 2010; Schuck et al., 2016; Wilson
et al., 2014) may also be involved in driving the different biases observed in excitatory and
inhibitory specific transfer in humans.
Chapter 6
General Discussion
The overall aim of the present thesis was to examine how stimuli that predict the delivery vs.
the absence of reward influence action in humans together with the associative and neural
mechanisms that underlie that influence. The tasks used in this thesis to assess Pavlovian
conditioning and the influence of Pavlovian conditioned stimuli on choice used a translational
approach, with the experimental and task designs adapted from the rodent literature. Four
studies were performed to address these overarching aims. Chapter 2 aimed to establish the
conservation of associative learning processes across species, and demonstrate that a task
adapted from the rodent literature was similarly sensitive to the influences of reward-paired
stimuli on motivation and choice to the original rodent tasks. Chapter 3 expanded on these
findings by examining the influence of stimuli associated with the absence of reward on action-
selection in humans, again using an approach first developed in rodents, and through this
aimed to expand our understanding of the associative mechanisms driving stimulus-promoted
action-selection in humans. Using a novel conditioning task, Chapter 4 aimed to examine the
nature of the inhibitory associations developed in a feature-negative conditioned inhibition
task, and to establish whether factors associated with the differences in task design when
translating to from rodents to humans influence the content of the inhibitory associations
human participants are able to learn. Finally, in Chapter 5 the influence of stimuli predict-
ing the absence of an outcome on choice was extended by examining the neural processes
associated with stimulus-promoted action using functional magnetic resonance imaging.
The key findings of these chapters and their implications are discussed below. This is
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followed by an outline of the general limitations of these studies and suggestions for future
research, and a summary of the contributions of this thesis to the existing literature.
6.1 Summary of Chapter 2: Outcome-specific and General
Motivational Pavlovian Associations Produce Distinct Ef-
fects on Instrumental Action in Humans
The experiments in Chapter 2 provide a clear replication of the distinct sPIT and gPIT effects
that have been demonstrated in rodents (Corbit & Balleine, 2005). It has long been argued
that the associative processes driving the control of instrumental action has been conserved
across species, particularly with regard to the learning processes influencing behavior in ro-
dents and humans (see Balleine and O’Doherty (2010) for a review). The ability of Pavlovian
stimuli to bias action-selection (Colwill & Rescorla, 1988) has also been clearly replicated in
humans, using a wide range of tasks (Bray et al., 2008; Hogarth & Chase, 2011; Hogarth et
al., 2007; Nadler et al., 2011). However, when examining the influence of external stimuli on
action in humans, demonstrating a clear and robust influence of the motivational value of
Pavlovian associations has proven difficult (Nadler et al., 2011; Pre´vost et al., 2012; Watson
et al., 2014). For this reason, it is crucial to confirm that our protocol is sensitive to these
motivational influences to support the claim that it is assessing the same associative processes
to that examined in the rodent literature. In both experiments in this chapter we replicated
the distinct sPIT and gPIT effects that had been demonstrated in the previous studies using
this vending machine PIT protocol (Morris et al., 2015; Quail et al., 2017). Importantly,
these experiments extend the replication of our initial findings through the demonstration
that a stimulus associated with the absence of reward is also able to influence the rate of
responding.
6.1.1 Stimuli Predicting the Absence of Reward can Influence the Rate of
Responding in a Transfer Test
In both Morris et al. (2015) and Quail et al. (2017), a stimulus paired with non-reward was
presented but was not associated with any change in responding from that observed during
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the active baseline. However, in both Experiment 1 and Experiment 2 we observed that the
presence of the nonreward paired stimulus (CS-) suppressed the rate of responding below
baseline. This indicates that despite the inclusion of this CS- as a control stimulus to com-
pare response rates in the presence of the reward-paired stimulus (CS+), participants did not
treat the CS- as a non-informative stimulus, rather, and through some form of discrimination
(see Rescorla (1969)) it appears able to acquire inhibitory strength. In Experiment 2 we are
able to observe that the gPIT effect was driven not only by an elevation of responding above
baseline in the presence of the CS+, but also a suppression of responding below baseline
in the presence of the CS-. This demonstrates for the first time that general excitatory
and inhibitory Pavlovian associations are able to produce mirroring effects on instrumental
responding as assessed in a transfer test, and highlights that our task is sensitive to the influ-
ence of inhibitory associations. These findings also have implications for our understanding
of previous demonstrations of independent gPIT effects in humans. Pre´vost et al. (2012) and
Watson et al. (2014) both used 3CS designs to demonstrate sPIT and gPIT effects, however
the measure of gPIT used was the difference in the rate of responding between a CS+ and
CS-. As this chapter demonstrates, the CS- may be producing motivational influences on
responding separate to the CS+, therefore without the inclusion of an active baseline in these
tasks, the ability to determine if the gPIT is driven by CS+ elevation, CS- suppression, or a
combination of both, is limited.
6.1.2 Individual Differences Influence the Ability for Established Pav-
lovian Associations to be Detected in a Transfer Test
The experiments in this chapter also demonstrate for the first time that the ability to detect
the motivational influence of Pavlovian associations through their influence on responding
in a transfer test is sensitive to individual differences in the motivation to perform the inst-
rumental action in the absence of the Pavlovian stimuli. In both experiments, whether
assessed separately or collapsed across all participants, the baseline rate of responding in-
fluenced whether the excitatory or inhibitory motivational associations would be revealed.
In participants with a low rate of responding in the absence of Pavlovian stimuli, the gPIT
effect was driven by the CS+ elevating the rate of responding, whereas no influence of the
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CS- was detected. In contrast, the participants responding at a high rate in the absence
of the Pavlovian stimuli did not show any influence on the excitatory CS+ on invigorating
responding, however the inhibitory CS- association was able to suppress the rate of respond-
ing. These effects of the instrumental baseline on general transfer were first demonstrated by
Colagiuri and Lovibond (2015), however the simple transfer design of their task prevented
distinctions regarding the influence of motivational factors on the expression of sPIT and
gPIT. The use of a 3CS design in this study allowed for the sPIT and gPIT effects to be
examined separately. As mentioned, we were able to replicated the influence of baseline rate
of responding reported by (Colagiuri & Lovibond, 2015) in our gPIT effect, but observed an
elevation in the performance of the action that in training delivered the outcome predicted
by the stimulus in the assessment of sPIT in both motivational subgroups, providing further
evidence that sPIT is driven by an associative mechanism distinct from the motivationally
driven gPIT effects. A similar conclusion has been advanced based on experiments assessing
changes in primary motivation in rodents (Corbit & Balleine, 2011) and humans (Watson et
al., 2014). Additionally, the differences in the expression of gPIT observed in these experi-
ments highlights an important factor regarding attempts to replicate findings from the rodent
literature in humans. Due to difficulties in maintaining responding across the duration of
the transfer test, many protocols utilise nominal extinction procedures in which participants
are informed that they continue to earn outcomes, but do not recieve any outcome delivery
during the test stage (e.g. Quail et al. (2017)). In contrast, rodent PIT procedures typically
extinguish instrumental responding prior to the transfer test, resulting in very low rates of
responding in the absence of the Pavlovian stimuli. These procedural differences may prove
to be crucial in interpreting difficulties replicating transfer effects using human subjects, as
we have demonstrated that the baseline rate of responding influences the ability to detect the
influence of Pavlovian stimuli. That the same motivational associations established through
Pavlovian conditioning are able to be detected differently depending on participants’ baseline
rate of responding indicates that an inability to detect the influence of a Pavlovian stimulus
on instrumental responding does not necessarily reflect an absence of excitatory or inhibitory
motivational Pavlovian associations.
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6.2 Summary of Chapter 3: Stimuli Predicting the Delivery
or Absence of Specific Outcomes Produce Opposing Bi-
ases in Action-selection
In Chapter 2 we demonstrated that the vending machine PIT task was able to detect inde-
pendent sPIT and gPIT effects driven by excitatory Pavlovian associations. Additionally, we
were able to demonstrate that general inhibitory associations developed using discrimination
between CS+ and CS- are able to produce an opposing effect on response rate to general
excitatory associations. However, it remained unclear if inhibitory associations regarding
the sensory-specific features of the prevented outcome could be established in humans, and
if these outcome-specific inhibitory associations would produce a similar effect on action-
selection. The experiments in this chapter extended our earlier findings using a feature-
negative conditioned inhibition procedure to demonstrate that outcome-specific inhibitory
associations are able to be generated in humans, and these produce a distinct influence on
instrumental responding to the non-selective suppression of responding we had previously
observed in the presence of a simple CS-.
6.2.1 Outcome-specific Excitatory and Inhibitory Associations can be Gen-
erated through Feature-negative Conditioned Inhibition
The experiments in this chapter demonstrated for the first time that feature-negative con-
ditioned inhibition is able to produce outcome-specific inhibitory Pavlovian associations in
humans. In the presence of either the individual inhibitory stimuli (Experiments 1 and 2) or
the inhibitory compounds experienced during training (Experiment 2), we found that par-
ticipants shifted their responding away from the action associated with the specific outcome
prevented by the inhibitors. This is a reversal in the direction of bias we observed in as-
sessing excitatory sPIT, and is consistent with previous studies examining the influence of
outcome-specific inhibitory stimuli on sPIT in rodents (Delamater et al., 2003; Laurent &
Balleine, 2015; Laurent et al., 2015). Interestingly, this successful replication of the rodent
literature and demonstration that outcome-specific excitors and inhibitors produce opposing
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biases in action-selection was not observed in the only previous attempt to examine this effect
in humans (Alarco´n & Bonardi, 2016). Alarco´n and Bonardi (2016) attempted to generate
outcome-specific inhibitors using a feature-negative procedure similar to that used in this
chapter. However, they were unable to demonstrate specificity of these inhibitors in either
the transfer test or a separately conducted summation test, with inhibitory stimuli reducing
the magnitude of the excitatory sPIT effect rather than clearly reversing the direction of this
effect. This highlights the importance of task design in attempting to translate conditioning
procedures from the animal literature. In particular, using a more complex design in which
the effects of categories of outcomes, rather than specific individual outcomes used during
the feature-negative procedure - as in this chapter - may have impaired the ability of the
subjects to form sensory-specific associations.
Somewhat consistent with the findings of Alarco´n and Bonardi (2016), we were not able
to demonstrate evidence of outcome-specific inhibition in our independent tests of inhibi-
tion. Rescorla (1969) argued that independent assessment of inhibition through retardation
or summation tests is necessary to confirm that a procedure has generated true inhibition.
Although one might anticipate outcome specific summation and retardation effects, the ro-
dent tasks were not set up to establish the specificity of these effects and both have not been
tested for specificity in the same study to our knowledge. Furthermore, our tasks used causal
ratings rather than measures of conditioned responding or of their influence on instrumental
bvehaviour in the transfer test, and perhaps such ratings are less sensitive to retardation and
summation than the specific transfer test which may be uniquely sensitive to the influence
of sensory specific inhibitory associations in humans.
6.2.2 Self-reported Acquisition of Specific or General Inhibitory Associa-
tions is Associated with Distinct Patterns of Transfer
The ability of excitatory appetitive sensory-specific and general motivational Pavlovian as-
sociations to produce distinct influences on instrumental action, seen through independent
sPIT and gPIT effects, has been clearly established in both rodents (Corbit & Balleine, 2005,
2011; Corbit et al., 2007) and humans (Pre´vost et al., 2012; Quail et al., 2017; Watson et
al., 2014), however this distinction has not been addressed with regard to the influence of
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inhibitory associations. Nevertheless, aversive conditioning procedures have been reported to
produce distinct sPIT and gPIT effects (Lewis et al., 2013; Nadler et al., 2011) suggests that
outcome-specific and general motivational effects of cues can be evoked more broadly and, in
the context of appetitive inhibitors which are often considered to be aversive, suggests that
appetitive inhibitors could produce similar effects. To assess this we exploited the hetero-
geneity of the inhibitory associations participants reported learning during feature-negative
conditioned inhibition to examine differences in the influence of the inhibitors on responding.
In Experiment 2 we grouped participants according to their self-reported contingencies and
found that participants who reported that the inhibitors predicted the absence of a specific
outcome displayed a mirrored bias in action-selection in the presence of the inhibitory stimuli
compared to the excitatory sPIT effect consistent with the effects in rodents (Delamater et al.,
2003; Laurent & Balleine, 2015; Laurent et al., 2015). In contrast, participants who reported
that the inhibitors predicted the absence of all subsequent events did not display any bias in
action-selection and instead suppressed responding on both actions below baseline. This is
consistent with our findings in Chapter 2 as well as those of Colagiuri and Lovibond (2015) in
which a non-specific CS- was able generally to suppress the vigor of instrumental responding.
Together, these distinct transfer effects depending on the nature of the inhibitory association
learned provides evidence that outcome-specific and general motivational inhibitory associ-
ations are able to produce distinct sPIT and gPIT effects, with these effects mirroring the
excitatory sPIT and gPIT effects more commonly observed.
6.3 Summary of Chapter 4: Lost in Translation - The Influ-
ence of Task-specific Features on Replicating Learning in
Tasks Translated from Rodent to Human Testing
In Chapter 3 we were able to demonstrate for the first time the acquisition of outcome-
specific inhibitory Pavlovian associations in humans. However, contrary to our expectations
and the previous use of this procedure in the rodent literature (Laurent & Balleine, 2015),
our feature-negative conditioned inhibition procedure did not appear to generate specific in-
hibitory associations in all of our participants. To address this, the experiments in this chap-
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ter aimed to determine if those aspects of our task design and stimulus presentation that
differed from the animal conditioning procedure influenced the ability of our conditioning
procedure to generate sensory-specific inhibitory associations. As it was the feature-negative
conditioning procedure that failed to completely replicate the findings from the animal litera-
ture, the experiments in this chapter focused on the Pavlovian conditioning procedure alone,
with the inhibitory associations assessed using a summation test (Rescorla, 1969) instead of
the transfer test.
6.3.1 Operant Conditioning Procedure Allows for the Acquisition and As-
sessment of Feature-negative Discrimination in Humans
In translating the 3CS PIT task from rodents to humans, great care was taken to ensure that
the transfer test was as similar as possible to the test procedures used in the established rodent
literature. However, for logistical reasons, including the potential motivational influences of
participants consuming food outcomes prior to the transfer test (Corbit et al., 2007; Watson
et al., 2014), our conditioning procedure differed from those used in rodents. The passive
conditioning procedure in which participants observe the CS-US pairings appeared to be
sufficient for generating sensory-specific and general motivational excitatory associations, as
we were able to observe the distinct sPIT and gPIT effects demonstrated in rodents (Corbit
& Balleine, 2005) using this task in Chapter 2. However, as observed in the failure of
Alarco´n and Bonardi (2016) to generate outcome-specific inhibitors using a feature-negative
conditioned inhibition procedure, the acquisition of sensory-specific inhibitory associations
may be more sensitive to task specific features. Additionally, assessing the acquisition of
inhibitory associations in humans has proven more difficult than in the rodent literature.
Tasks measuring learning through the use of causal ratings or multiple choice questions
(Alarco´n & Bonardi, 2016) may potentially influence the nature of the association acquired by
participants by alerting them to the existence of potential inhibitory associations. Although
the passive conditioning procedure used in Chapter 3 avoided these confounds it did not allow
for the acquisition of inhibition to be observed. In the experiments in this chapter we used
a novel operant conditioning procedure, similar to the tasks assessing aversive conditioning
in humans (Arcediano, 1996; Arcediano et al., 1997), in which participants were required
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to make a response to check if an outcome had been delivered. Importantly, this allowed
for a measure of conditioning similar to the magazine checks assessed as CRs in the rodent
literature without potentially influencing learning through informing participants about the
potential for inhibitory relationships or the introspection of making causal ratings. In both
experiments we observed a clear discrimination between the checking responses reflecting the
expectancy of outcome-delivery between the excitatory stimuli and inhibitory compounds
using this task. This not only extends the findings of Baeyens et al. (2004), demonstrating
that feature-negative discriminations can be acquired through an appetitive conditioning
procedure where the suppression in responding was not driven by punishment, but replicates
the discrimination in conditioned responding observed using the feature-negative conditioning
procedure in rats (Laurent & Balleine, 2015).
6.3.2 Participant Engagement and Visual Stimulus Presentation do not
Influence the Inhibitory Associations Acquired
As discussed above, the failure to generate outcome-specific inhibitory associations across all
subjects in our Chapter 3 experiments may have stemmed from differences in the experiences
of the conditioning procedure produced by translating the rodent task for human testing. Us-
ing summation tests, we examined the influence of the more engaging task and the visual
arrangement of the stimuli used on the acquisition of outcome-specific inhibitory associations.
In Experiment 1, we demonstrated that although modifying the conditioning procedure to
include a checking response replicated the conditioned responding observed by Laurent and
Balleine (2015) in rats, the identity of the outcome prevented by an inhibitor did not influence
its ability to decrease causal ratings when presented in compound with a novel excitor. How-
ever, this experiment did demonstrate that the visual presentation of the compound stimuli,
in which the two stimuli within each type (i.e. Excitors:S1/S2; Inhibitors: S3/S4) shared
a spatial location within the vending machine image during conditioning, influenced learn-
ing. In Experiment 1, the spatial location of the inhibitor within the novel test compound
influenced participants predictive ratings, with the presence of the inhibitor within the novel
compound present in the location associated with the excitatory stimuli during conditioning
producing compounds rated as more causal than those in which the inhibitor was presented
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in both spatial locations. In Experiment 2 we addressed this aspect of our visual stimulus
presentation by counterbalancing the spatial location across the stimuli within each stimulus
type. A number of factors have been demonstrated to influence if compound stimuli are pro-
cessed as individual elements (see Rescorla and Wagner (1972)) or configurally (see Pearce
(1987)). Conditioning procedures in which the elements within compounds are made more
distinct, either through the use of distinct modalities (Myers et al., 2001; Rescorla, 1997)
or by making the elements within a compound more visually distinct in a human computer
learning task (Livesey & Boakes, 2004), have been demonstrated to promote elemental pro-
cessing. In Experiment 2 we examined whether removing the shared spatial features between
the outcome-specific excitors and inhibitors in order to make the two inhibitory stimuli more
distinct altered the acquisition of outcome-specific inhibitory associations. Although only the
novel compound (in which the inhibitor prevented the delivery of the outcome paired with
the novel excitor) was rated as significantly less causal than the control compound, the fact
that no significant difference in the causal ratings between the congruent and incongruent
novel compounds was found limits any clear conclusion regarding the specificity of the in-
hibitory associations. Importantly, these experiments demonstrate that, as seen in Hawkins
et al. (2013), increasing participant engagement in learning tasks through adding game-like
features does not appear to influence the underlying learning generated. Furthermore, par-
ticipants were found to be sensitive to the general predictive information the spatial location
of stimuli contained in Experiment 1, removing this did not clearly enhance the ability of
participants to acquire the distinct outcome-specific inhibitory associations intended.
6.4 Summary of Chapter 5: The Neural Correlates of Ex-
citatory and Inhibitory Specific Transfer, and the Shift
Between these Opposing Biases in Action-selection
The experiment in this chapter is the first to examine the neural correlates of the inhibitory
sPIT effect. Expanding on the behavioral demonstrations that outcome-specific excitatory
and inhibitory stimuli produce opposing biases in action-selection, this chapter aimed to ex-
amine the neural regions involved in these processes using functional imaging as participants
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responded during the transfer test. Behaviorally, we were broadly able to replicate our pre-
vious findings from Chapter 3, with stimuli associated with the absence of a specific outcome
selectively suppressing responding on the action associated with that outcome. Importantly,
as in Chapter 3, we found that this effect was driven by participants who reported learning
the outcome-specific inhibitory associations, with participants who reported only acquiring
general inhibitory associations displaying no bias in action-selection. However, the propor-
tion of participants that were found to be in each of these subgroups differed substantially
from the demonstration described in Chapter 3. Independently of the influence of the in-
hibitory stimuli on responding in the transfer test, this experiment demonstrated, for the first
time, clear evidence of outcome-specific inhibition in a summation test, with the inhibitors
more effectively decreasing the causal ratings of a novel excitor when paired with the specific
outcome they had been trained to prevent than when paired with the another outcome. Para-
doxically, however, when the causal ratings of the crucial novel compounds were examined
using the Specific and General Learner subgroups, evidence of this outcome-specific inhibition
was found in both Learner subgroups. Evidence of outcome-specific inhibition in the General
Learners, that were not explicitly aware of this contingency and did not show any evidence
of this sensory-specific inhibitory association in the transfer test, indicates that contrary to
our expectations, the test of transfer was not a more sensitive assessment of the outcome spe-
cific inhibitory Pavlovian associations. Furthermore, the transfer and summation tests were
differentially sensitive in detecting outcome-specific inhibition, with the summation test able
to observe evidence of specific inhibitory associations in participants that was not revealed
in either the contingency questionnaire or instrumental responding during the transfer test.
6.4.1 The Expression of Excitatory and Inhibitory Specific Transfer Effects
Share Striatal Substrates
This experiment provided the first assessment of the neural correlates of inhibitory sPIT
in humans. Of particular interest, examining activity associated with the expression of
excitatory and inhibitory sPIT effects separately revealed activity in the posterior putamen
associated with sPIT driven by the individual excitors and inhibitors, and the inhibitory
congruent compounds. This is broadly consistent with previous studies that have observed
General Discussion 215
that posterior putamen activity is associated with the expression of excitatory sPIT (Bray
et al., 2008; Pre´vost et al., 2012; Steenbergen et al., 2017). Although the putamen activity
associated with excitatory and inhibitory sPIT effects was more dorsal than that reported
in Bray et al. (2008) and Pre´vost et al. (2012), a more recent study also observed activity
in a more dorsal region of the posterior putamen (Steenbergen et al., 2017), consistent with
our findings. This demonstrates that the expression of both excitatory and inhibitory sPIT
in this study were associated with striatal activity previously implicated only in excitatory
sPIT in humans. Furthermore, as this posterior putamen activity has been proposed to
reflect the use of O-R associations (Bray et al., 2008), our results suggest that the associative
mechanism, and stimulus promoted action driven by O-R associations, is shared between
excitatory and inhibitory sPIT.
6.4.2 Internal State Representations Involved in the Shift from Excitatory
to Inhibitory Driven Biases in Action-selection?
A key question regarding the neural substrates of sPIT in this study relates to the regions
involved in the transition of the biases mediated by the excitatory to inhibitory stimuli. In
particular, the individual excitors and inhibitory congruent compounds both contain an exci-
tatory stimulus that is associated with the delivery of a specific outcome. In the presence of
the individual excitors alone, these stimuli promote responding on the action associated with
the predicted outcome, however in the compound stimuli the addition of the inhibitory stimu-
lus results in responding on that same action to be suppressed, despite the continued presence
of the excitatory stimulus. Examining activity associated with the preference of the excitor-
promoted action in the individual excitors and congruent compounds revealed differences in a
number of regions, but of particular interest for this process was the superior parietal cortex.
In addition to associations with the development of S-R associations (Liljeholm et al., 2012),
which suggests that the differences in activity in this region observed in this contrast may
reflect the use of the excitatory O-R associations the S-O-R theory of PIT proposes drives
sPIT, this region has been reported to be involved in state prediction errors. Although much
of associative learning has focused on understanding responding through the influence of ex-
ternal stimuli and information, recently the generation of internal states has been proposed
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to account for a number of patterns of behavior (Bradfield et al., 2015; Wilson et al., 2014).
Activity in the superior parietal cortex has been associated with state prediction errors in
humans (Gla¨scher et al., 2010), which suggests that the differences in activity in this region
we observe may also reflect differences in the internal states that are generated by the presen-
tation of these different excitatory and inhibitory Pavlovian stimuli. One theory of sPIT has
proposed that the presentation of a Pavlovian stimulus signals a state in which the probabil-
ity of earning the outcome associated with the stimulus present increases, with that increase
in probability driving the bias in action-selection (Cartoni et al., 2013). A similar process
in which Pavlovian stimuli associated with the absence of specific outcomes come to signal a
state in which the probability of the stimulus-associated outcome delivery is decreased could
account for the patterns of responding observed in this task, with distinct excitatory and
inhibitory states used to drive opposing biases in action-selection. Additionally, differences
in medial/lateral OFC was observed when comparing activity associated with the Individual
Excitors and inhibitory Congruent compounds. The mOFC has been associated with a range
of functions in humans (O’Doherty, 2007), and has been associated with the expression of
sPIT in rodents (Bradfield et al., 2015), with mOFC lesions abolishing this effect. Bradfield
et al. (2015) observed that the mOFC specifically retrieves outcome-representations when
outcomes are unobservable, therefore the differences in mOFC activity we observed between
the stimuli biasing action towards and away from the stimulus-associated outcome may re-
flect differences in the mOFC retrieval of the outcome representation predicted or prevented
by the stimulus present. As the S-O-R theory (Balleine & Ostlund, 2007) proposes that the
retrieval of the internal representation of the stimulus-paired outcome (S-O) that selectively
retrieves the response also associated with outcome (O-R), the mOFC activity observed may
reflect outcome-driven action-selection. This is consistent with the findings of Bradfield et
al. (2015), who observed that the retrieval of outcome representations was specific to action-
dependent, as opposed to stimulus-dependent, outcome representations. Alternatively, the
mOFC has also been implicated in the generation and use of internal states to guide be-
haviour in both rodents (Bradfield et al., 2015; Wilson et al., 2014) and humans (Schuck
et al., 2016). Both Bradfield et al. (2015) and Wilson et al. (2014) have argued that the
mOFC establishes task state to guide action based on currently unobservable information.
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The differential involvement of the mOFC in the expression of excitatory and inhibitory sPIT
is consistent with this proposed function however, unlike the multivariate pattern analysis
techniques Schuck et al. (2016) employed to decode activity reflecting internal task state
representations, the design of this task does not allow for more specific analysis of internal
states. Therefore, despite our findings being consistent with the use of internal states driving
the shift between the expression of excitatory and inhibitory sPIT, further research is needed
to confirm the generation and use of internal states to guide behaviour in this manner.
6.5 Theoretical Implications for the Associative Mechanism
Driving PIT in Humans
Throughout this thesis the broader aim of these experiments has been to expand and clarify
our understanding of the associative mechanism through which Pavlovian stimuli are able
to influence independently trained instrumental actions. Although there has been extensive
research using behavioral and neural manipulations in rodents to interrogate the content of
learning and the associative processes driving PIT (see Holmes et al. (2010) for a review), the
relative novelty of using humans in the PIT paradigm has resulted in the human literature
predominantly focusing on replicating basic effects from the rodent literature using different
testing procedures. By adapting a human PIT task to examine the influence of multiple
conditioning procedures on instrumental responding in humans we have been able to use a
single PIT paradigm to assess the associative processes driving the expression of transfer.
6.5.1 Sensory-Specific vs. General Motivational Associations
One of the key features regarding the expression of PIT for understanding the nature of
the effects Pavlovian stimuli can produce, but also for the implications of PIT in driving
dysfunctional behavior such as cue-driven drug seeking (e.g. Hogarth and Chase (2011), is
the ability for distinct associations between the CS and the sensory-specific and motivational
features of the respective US to be acquired and influence instrumental responding. Although
these associations and their distinct sPIT and gPIT effects have been clearly demonstrated
in rodents (Corbit & Balleine, 2005, 2011; Corbit et al., 2007), this has been less clear in
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humans. In particular, demonstrating a robust independent gPIT effect relative to an active
baseline has proven difficult (Nadler et al., 2011; Pre´vost et al., 2012; Watson et al., 2014). In
Chapter 2 we demonstrated that our PIT protocol was able to generate and sensitive to these
sensory-specific and motivational associations through demonstrating the different influences
on responding through clear sPIT and gPIT effects. We were also able to provide further
evidence for the involvement of motivational associations in driving gPIT by demonstrating
that existing motivational differences influence the effect of a stimulus associated with a
rewarding but non-instrumentally available outcome to invigorate instrumental responding,
an effect that has previously only been able to be demonstrated by directly manipulating
primary motivation in rodents (Corbit et al., 2007) and humans (Watson et al., 2014).
6.5.2 Excitatory vs. Inhibitory Associations
In addition to demonstrating independent gPIT, the experiments in Chapter 2 provided clear
evidence of excitatory and inhibitory general motivational associations through the influence
of stimuli predicting the general delivery or absence of outcome on the rate of instrumental re-
sponding. The suppression of responding observed in the presence of the non-reward paired
stimulus demonstrates that, consistent with Colagiuri and Lovibond (2015), stimuli that
do not produce outcome delivery are able to acquire inhibitory strength when trained to-
gether with stimuli predicting the delivery of reward. Importantly, the respective elevation
or suppression of responding elicited by the CS+ and CS- demonstrated that excitatory and
inhibitory motivational associations produce opposing effects on instrumental responding.
Furthermore, that the ability to detect the influence of these excitatory and inhibitory mo-
tivational associations was influenced by baseline rate of responding, also consistent with
Colagiuri and Lovibond (2015), demonstrates that an inability to detect the influence of in-
hibitory motivational associations on instrumental responding does not necessarily indicate
that these associations have not been acquired. In addition to demonstrating the influence
of excitatory and inhibitory motivational associations, the experiments in Chapter 3 pro-
vide the first evidence of outcome-specific inhibitory associations in humans. Stimuli that
predicted the delivery of specific outcomes were found to bias action-selection, promoting
responding on the action associated with the same outcome as the stimulus presented. In
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contrast, stimuli trained to predict the absence of a specific outcome biased action-selection
in the opposing direction, selectively suppressing responding on the action associated with
the stimulus-prevented outcome. These findings both replicate the earlier attempts to ex-
amine inhibitory sPIT in rodents (Delamater et al., 2003; Laurent & Balleine, 2015), and
demonstrate the parallels between the acquisition and influence of excitatory and inhibitory
Pavlovian associations. Sensory-specific and general motivational associations can be estab-
lished through inhibitory conditioning procedures, and these associations produce opposing
effects on both action-selection and response vigor to their respective excitatory counterparts.
6.5.3 The Existence and Use of Inhibitory R-O Associations
Though Laurent et al. (2015) and Laurent and Balleine (2015) were able to demonstrate
opposing biases in action-selection produced by outcome-specific inhibitory associations, it
is difficult to accommodate these effects into the widely accepted S-O-R theory of PIT. In
particular, this theory does not explain how a stimulus predicting the absence of a specific
outcome can elevate responding above baseline on an action with which it does not share
any sensory-specific associations. To address this, Laurent and Balleine (2015) proposed the
involvement of inhibitory action-outcome associations in the expression of inhibitory sPIT.
Laurent and Balleine (2015) argued that in addition to developing excitatory associations
between responses and the outcomes they produce (i.e. R1 - O1), inhibitory associations
between a response and the alternate outcome it does not produce (i.e. R1 - no O2) are
also acquired during instrumental conditioning. Although the development of this inhibitory
response-outcome association would allow for the inhibitory sPIT effect to be explained
through the S-O-R mechanism as both the inhibitory stimulus and the action associated with
the non-prevented outcome share an inhibitory sensory-specific association that allow for that
action to be promoted. However, as both associative theories of instrumental conditioning
and the more recent computational models of action (Daw et al., 2005) consider the inhibitory
associations in influencing response-selection, a crucial aim for the experiments in this thesis
was to determine if there is evidence for the development and use of these associations in the
expression of inhibitory sPIT in humans. Despite demonstrating inhibitory sPIT effects in
Chapters 3 and 5, with stimuli predicting the absence of a specific outcome biasing responding
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away from the action associated with that outcome we did not observe the clear promotion
of responding on the alternate action above baseline. Rather, we observed a consistent
suppression of responding on the action associated with the outcome predicted absent by
the stimulus. Therefore, as the bias elicited by the inhibitors in these studies could also be
produced purely by selective suppression of action, consistent with the results and model of
inhibitory sPIT proposed by Delamater et al. (2003), we were not able to clearly confirm the
involvement of inhibitory R-O associations in driving the inhibitory sPIT effect in humans.
Although the evidence regarding the generation and use of inhibitory action-outcome as-
sociations in the transfer test results remains ambiguous across our experiments, the causal
rating data obtained from our independent tests of inhibition can inform our understanding
of how these inhibitory action-outcome associations may be generated. As our Pavlovian con-
ditioning procedures involved discrimination between the delivery and absence of two distinct
rewarding outcomes, in our tasks assessing the specificity of inhibitory associations we were
able to assess participants’ causal ratings regarding the relationship between stimuli and the
specific outcome they had been paired with, and the unpaired outcome. Across all summa-
tion tests in Chapters 3, 4, and 5, we clearly observed that in addition to rating the trained
excitors as predictive of the outcome they were paired with, participants rated these stimuli
as preventing the delivery of the unpaired outcome. Furthermore, in the retardation test in
Chapter 3 Experiment 1, as the inhibitory and neural stimuli acquired associative strength
and increased causal ratings regarding their newly paired outcomes, a parallel acquisition in
preventative ratings regarding the unpaired outcomes was also established. This inhibitory
learning between stimuli and outcomes not present is not predicted by the associative theories
such as Rescorla and Wagner (1972), which propose that changes in associative strength only
occur between elements presented at each trial. However, as Van Hamme and Wasserman
(1994) were able to demonstrate in a causal learning task in humans, changes in associative
strength can also be observed between relevant stimuli not presented in a conditioning trial
with trial-by-trial causal ratings of predictive stimuli changing regardless of whether that
stimulus was experienced in the latest trial. Although Van Hamme and Wasserman (1994)
examined this learning regarding absent elements in relation to multiple stimuli predicting
the delivery or absence of a single outcome, the findings from our causal ratings task suggest
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that a similar mechanism may drive learning regarding the absence of specific outcomes. If,
as our causal rating results suggest, during excitatory Pavlovian conditioning participants
are able to update associations between a CS and the specific US not presented in that trial
to generate outcome-specific inhibitory CS-US associations, this process may also allow for
the acquisition of inhibitory R-O associations during instrumental conditioning. Shanks and
Dickinson (1988) have argued that associative accounts developed to explain Pavlovian con-
ditioning phenomena can also be applied to the associations developed through instrumental
conditioning. Therefore, assessing the causal ratings regarding the relationships between the
instrumental actions and the available outcomes in a similar manner to the S-O associations
would allow for the generation of inhibitory R-O associations through this mechanism to be
examined.
6.5.4 Alternate Theories of Pavlovian-instrumental Transfer
Although the design and interpretation of these results have been addressed through their im-
plications regarding the mechanisms proposed by associative learning theories, recent research
has suggested that the expression of transfer, sPIT in particular, may be driven by propo-
sitional reasoning processes in humans. Seabrooke et al. (2016) argue that as instructions
given to participants can influence the expression of sPIT through the bias in action-selection
these reward-paired stimuli are able to produce, the sPIT effect is driven by expectancy of re-
inforcement. The Chapter 2 experiments, in which an independent gPIT effect was observed
and that motivational differences predominantly influenced the expression of this effect as
predicted by associative theories and prior research in the animal literature (Corbit et al.,
2007) suggests that at least in the PIT paradigm used in these experiments, in which transfer
is assessed in a manner very close to the rodent literature, the sPIT and gPIT effects do not
appear to be predominantly driven by propositional reasoning. Propositional theories strug-
gle to explain appetitive excitatory PIT in any logical fashion because the excitatory stimulus
signals outcome expectancy without requiring additional instrumental action. Nevertheless,
the fact that, in Chapters 3 and 5, we observed that participants contingency knowledge was
related to different patterns of responding in the presence of the inhibitory stimuli suggests
that expectancy may influence the expression of inhibitory appetitive transfer. However,
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the unexpected finding in Chapter 5 in which evidence of outcome-specific inhibition was
revealed in a summation test in participants who did not report acquiring this association
and did not display evidence of this learning in the transfer test, highlights a potential propo-
sitional contribution. That outcome-specific inhibitory associations appear to be generated
in participants across both self-reported contingency subgroups, but these associations are
only employed by participants who are explicitly aware of this relationship is not consistent
with the purely associative theories.
6.6 Neural Substrates of the Associative Mechanism of PIT
in Humans
As outlined above, the behavioral results of these experiments add further support to the
claims that the associative mechanism driving stimulus-promoted action in humans is con-
served across species. Although there have been limited studies examining the neural sub-
strates of excitatory sPIT and gPIT in humans, these studies have implicated distinct striatal
regions (Bray et al., 2008; Pre´vost et al., 2012; Steenbergen et al., 2017; Talmi et al., 2008)
homologous to regions implicated in the rodent literature. This suggests that the neural sub-
strates of these processes can also be broadly translated across species. Through introducing
outcome-specific inhibitors to our imaging assessment of sPIT we have been able to expand
our understanding of the neural substrates associated with the associative S-O-R process
(Figure 6.1) proposed to drive the expression of sPIT in humans.
6.6.1 Integration of Instrumental and Pavlovian Associations to Drive Ac-
tion
S-[O-R]: Dorsal Posterior Putamen
As discussed above, the integration of the independent Pavlovian (S-O) and instrumental (R-
O/O-R) associations is necessary for Pavlovian stimuli to guide action-selection. The stria-
tum has been implicated in the integration of sensory information to guide action-selection.
Previous studies have implicated the posterior putamen, a region of lateral striatum, in the
expression of excitatory sPIT in humans. However both ventral (Bray et al., 2008; Pre´vost
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Figure 6.1: Pavlovian and instrumental associations that are used to guide the
performance of instrumental action. Presentation of Pavlovian stimuli (SCS) retrieves
an internal representation of the outcome predicted by that stimulus (OS). Backwards O-R
associations are then able to drive the performance of instrumental action (RE), independent
of the current value of its associated outcome (OG).(i.e. R1 - no O2) Taken from Balleine &
O’Doherty (2010).
et al., 2012) and more dorsal (Steenbergen et al., 2017) regions of this structure have been
implicated in this effect, leaving the functional implications of this distinction unclear. We
also observed this involvement of the dorsal posterior putamen with the expression of excita-
tory sPIT as had been previously demonstrated, but also with the expression of sPIT driven
by inhibitors. This is consistent with the proposed role of this region by Bray et al. (2008) in
the use of the O-R associations to guide choice. Furthermore, that this region was implicated
similarly in the expression of excitatory and inhibitory sPIT adds further support for the
S-O-R theory in driving both these effects and the use of inhibitory R-O/O-R associations
in driving inhibitory sPIT as argued by Laurent and Balleine (2015). As O-R associations
have been proposed to reflect a particular kind of S-R association (Corbit & Janak, 2007),
in which the internal representation of the outcome is able to act as a stimulus, these O-R
associations should be treated similarly regardless of if they were associated with excitatory
or inhibitory R-O associations. This is consistent with the patterns of neural activity that
we observed, and provides the first evidence that posterior putamen activity is involved in
driving the expression of sPIT more generally in humans.
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[S-O]-R: Ventral Anterior Putamen
In addition to demonstrating similarities between excitatory and inhibitory sPIT effects, the
addition of inhibitory stimuli allowed for neural activity associated with the integration of
S-O associations to drive action-selection through an S-O-R process. Previous studies of
excitatory sPIT have focused on activity associated with use of O-R associations, as this can
easily be assessed behaviorally. However these tasks have not been designed to assess neural
activity associated with the use of the sensory-specific S-O association to retrieve and elicit
the appropriate O-R association. By introducing inhibitory compound stimuli, which differ
from excitors by the addition of an inhibitor to the stimulus presentation and also predict
the absence rather than delivery of a specific outcome, we were able to examine activity
associated with the use of S-O to drive action by comparing the activity associated with
excitor-driven action during the individual excitors and inhibitory compound stimuli. We
demonstrated that bilateral activity in the ventral anterior putamen was associated with the
use of S-O associations to guide action. This is consistent with Lewis et al. (2013) who,
using an aversive PIT task in humans to examine both sPIT and gPIT, found increases
in anterior putamen activity associated with the presentation of both specific and general
aversive CSs, suggesting that this region is involved in the use of S-O associations to guide
action more broadly. Furthermore, the anterior putamen has also been implicated as part of
the ventral S-O circuit in which information regarding Pavlovian associations is propagated
through the basal ganglia (Balleine, Morris, & Leung, 2015). Together these findings suggest
that the anterior and posterior putamen play distinct roles in the integration of S-O and O-R
associations to drive the expression of sPIT through a S-O-R mechanism.
6.7 Limitations & Future Directions
One clear limitation of these experiments regards the feature-negative conditioned inhibition
procedure used. Despite using a design that had successfully generated outcome-specific
inhibitory associations in rodents (Laurent & Balleine, 2015), we were not able to consis-
tently generate these outcome-specific associations in all of our participants. Although, as
has been stated above, our procedure was more effective than the only other previous at-
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tempt to generate these associations in humans (Alarco´n & Bonardi, 2016), the experiments
in Chapter 4 reveal that the engagement of participants and shared visual features between
the outcome-specific excitors and inhibitors do not enhance the outcome-specificity of the
inhibitory associations developed. However other parameters of our conditioning procedure
that differ from the conditioning procedure used in rodents may contribute to the nature of
the inhibitory association learned (e.g. using stimuli from the same modality). Future re-
search identifying the influential parameters and optimizing the feature-negative conditioning
procedure to more effectively and selectively generate outcome-specific inhibitory associations
would allow for a clearer assessment of the influence of these stimuli and the expression of
inhibitory sPIT in humans. Additionally, as attentional factors have been demonstrated
to influence the processing of compound stimuli (Byrom & Murphy, 2016), future research
should attempt to determine if individual differences in factors such as attention contribute
to the outcome-specific or general inhibitory associations developed during conditioning.
An additional limitation of our task design was the potential influence of baseline respond-
ing on obscuring inhibitory sPIT effects in the transfer test. Unlike Laurent and Balleine
(2015) and many other protocols examining PIT in rodents, we did not extinguish inst-
rumental responding prior to the transfer test. As tests of transfer are performed in extinc-
tion to prevent further learning interfering in the assessment of stimulus promoted action, a
problem that has emerged across many tasks assessing PIT in humans has been preventing
the rapid extinction of responding in the absence of reinforcement, particularly in tasks that
do not use primary reinforcers as outcomes. Some tasks have addressed this through forced
choice paradigms (Bray et al., 2008; Hogarth & Chase, 2011), or through limiting responding
to brief windows in the presence of CSs (Pre´vost et al., 2012; Watson et al., 2014). However,
these approaches require differences in the design of the transfer test from that used in the
rodent literature. To ensure participants maintain responding across the duration of the
transfer test in human tasks using free-response designs similar to the rodent tests, nominal
extinction procedures, in which participants are informed that their responses are still pro-
ducing outcomes that they will be able to retrieve post-testing, are typically used (Morris et
al., 2015; Nadler et al., 2011; Quail et al., 2017). This approach ensures participants respond
throughout the duration of the transfer test but, as demonstrated in Chapter 2 and in Colag-
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iuri and Lovibond (2015), the baseline rate of responding can influence the ability to detect
the influence of inhibitory learning. As the elevation of the inhibitory stimulus-promoted ac-
tion above baseline is crucial to confirming the proposed mechanism of this inhibitory sPIT
effect, the inability to replicate the clear elevation seen in Laurent and Balleine (2015) and
distinguish between bias driven by selective-suppression or promotion due to the high baseline
rate of responding observed across experiments throughout this thesis remains problematic
for our interpretation of the mechanism driving inhibitory sPIT.
Furthermore, the use of a nominal extinction procedure may contribute to propositional
approaches to the PIT task. As our findings in Chapter 5 demonstrate, participants explicit
awareness of inhibitory contingencies and the use of this information to guide performance on
the transfer test does not necessarily reflect the nature of the inhibitory association acquired,
as assessed through a summation test. Using a conditioning and testing procedure that is
more similar to Lovibond and Colagiuri (2013), in which participants directly experience
outcome delivery and undergo instrumental extinction prior to the transfer test as in the
rodent literature, may minimize any potential influences of reasoning on transfer performance,
decrease the rate of responding in the absence of Pavlovian stimuli, and allow therefore for a
demonstration of inhibitory sPIT in humans more comparable to that observed in rodents.
Finally, one issue with translating behavioural tasks from the rodent literature to testing
in humans is the potential influence of demand characteristics on the expression of transfer.
In particular, the assessment of Pavlovian contingencies during training either through
the multiple choice questions interspersed throughout conditioning in the transfer tests in
Chapter 2, or the post-conditioning multiple choice questionnaire used in Chapters 3 and
5, may alert participants that this knowledge will be used during the subsequent PIT test.
Although the expression of excitatory sPIT could potentially be driven by explicit reasoning
and demand characteristics, the fact we were able to replicate the gPIT (Chapter 2) and
inhibitory sPIT effects (Chapters 3 and 5), that can not be as clearly predicted by explicit
reasoning, supports the general claim that these tasks assess transfer similarly to the tasks
used in the rodent literature.
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6.8 Conclusion
Understanding the processes through which we are able to extract predictive information
from the environment, and the way in which this information is used, is important in under-
standing the way in which humans are able to effectively and efficiently adapt to changing
environments. Although the ability for past experiences to guide future behavior has been
an area of extensive research in both humans and non-human animals, much of this research
has focused on the acquisition and use of predictive information regarding the delivery of
rewarding outcomes. The experiments in this thesis clearly demonstrate the importance of
understanding and assessing predictions regarding the absence of reward. This thesis demon-
strates not only that humans can be sensitive to the identity of absent outcomes, but that
these inhibitory associations are able to influence responding and guide choice. As increas-
ing research has implicated disorders of reward-processing in a range of clinical conditions,
particularly deficits in the ability for predictive stimuli to influence choice and motivation,
understanding the influence of inhibitory predictions in healthy populations lays an impor-
tant foundation for future studies assessing the clinical implications of performance in tests
of Pavlovian instrumental transfer.
placeholder
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Appendix A
Task Instructions
A.1 Task Instructions
Instructions used for the experimental tasks used in this thesis. In experiments in which a
previous task was used the instructions were the same unless otherwise noted.
A.1.1 Chapter 2
Contingency Variation
Someone has told you that free snacks can be won from our vending machines by
tilting them to the left or to the right. Use the Left and Right keys to tilt left and
right. Find out which direction releases the most snacks, and try to win as many
snacks as you can! Please only use one finger to press the buttons.
For the contingency ratings that occured after each block, the instructions for ratings
were:
How effective was tilting the machine to get [Snack A/Snack B]?
The anchors for the 1-7 rating scales were 1: Not at All and 7: Very Effective
Instrumental Conditioning
You can win snacks from our vending machine by tilting it to the left or to the
right using the left and right buttons on the button box. If you tilt the machine
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one way you can steal one kind of snack, and if you tilt it the other way you can
steal a different kind of snack. Press the buttons to learn what snack you can steal
by tilting in each direction, and try to win as many snacks as you can!
Pavlovian Conditioning
The lights on the front panel indicate whether the machine is overstocked. Watch
the light and learn which snacks fall out. A multiple choice question will test what
you have learnt. Use the keyboard (a b c d) to indicate the correct answer.
Transfer Test
Now you have found one of the new machines. At random intervals the different
lights you learned about will turn on and off. You will be able to get snacks by
tilting the machine and the amount earned will be recorded to eat later. HOW-
EVER, no snacks will appear on the screen. Remember to use what you have
learned to try and steal as many snacks as you can.
A.1.2 Chapter 3
Experiment 1
Instrumental Conditioning
You can win snacks from our vending machine by tilting it to the left or to the
right using the left and right buttons on the button box. If you tilt the machine
one way you can steal one kind of snack, and if you tilt it the other way you can
steal a different kind of snack. Press the buttons to learn what snack you can steal
by tilting in each direction, and try to win as many snacks as you can!
Feature-Negative Conditioned Inhibition
In this stage you will not be able to tilt the vending machine to steal snacks. Now
the vending machine is broken! Different lights will let you know about when
the vending machine will drop different snacks. Watch the lights and learn when
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different snacks fall out. Pay attention to what each light predicts - you will be
asked about this later!
A.1.3 Transfer test
Now you will be able to tilt the vending machine to steal snacks again. However,
the different lights you just learned about will sometimes come on and off.The
number of snacks you steal will be recorded, and you will be able to eat them later.
However, the snacks you win will not appear on the screen. Use what you have
learned and try to steal as much as possible, as that will determine what you get
to eat after!
Retardation-of-acquisition Test
In this stage you will not be able to tilt the vending machine to steal snacks. Now
the vending machine is broken! Sometimes snacks will be overstocked and will fall
out, but sometimes these snacks will get stuck. Different lights will let you know
when each snack is overstocked, or if it is stuck. Watch the lights and learn when
different snacks fall out. When you are asked, use the left and right buttons to
indicate what the different lights tell you.
The rating scales used presented an image of one stimuli and one outcome. The phrasing
assessing causal ratings was:
What do you think is the relationship between these lights and the delivery of this
snack?
The scale anchors at -10, 0, and +10 were ‘Certain Prevents’, ‘No Effect’, and ‘Certain
Predicts’ respectively.
Experiment 2
Single Action Instrumental Training In this experiment the instrumental training pro-
cedure was adapted to introduce single action training before the two-action training used in
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the previous experiments. After the initial instrumental instructions outlined above, partic-
ipants were given these instructions:
In this stage you can only tilt the vending machine to the [left/right]. Use the
[left/right] button to tilt the vending machine and figure out what snack you can
win!
Following single action training, participants were given this instruction prior to two
action conditioning:
Now you can tilt the vending machine to the left and to the right. Use what you
have learned to win the snacks that you want!
Summation Test Participants were instructed to make causal ratings regarding the trained
stimuli and the two outcomes.
You will now be asked to make predictions about the relationship between different
lights and the delivery of different snacks. You will be able to make a rating on a
scale from -10 to +10. A rating of 0 means you think that there is no relationship.
A rating of +10 means you are certain that these lights cause the delivery of the
snack. A rating of -10 means you are certain that these lights prevent the delivery
of the snack. You can use the left and right buttons to move the cursor. Press
ENTER when you are happy with your rating. Please be conservative with your
ratings. Only use the ends of the rating scale when you are absolutely certain in
your prediction.
The instructions for the presenation of the novel excitors were as followed:
You will now be told the relationship between two NEW lights and the delivery of
snacks.
The instructions for the ratings of the novel transfer compound were:
You will again be asked to use what you have learned to make predictions about
the relationship between different lights and the delivery of snacks. As before:A
rating of 0 means you think that there is no relationship.A rating of +10 means
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you are certain that these lights cause the delivery of the snack.A rating of -10
means you are certain that these lights prevent the delivery of the snack. You can
use the left and right buttons to move the cursor. Press ENTER when you are
happy with your rating. Please be conservative with your ratings. Only use the
ends of the rating scale when you are absolutely certain in your prediction.
A.1.4 Chapter 4
Operant Feature-Negative Conditioned Inhibition Task
Pre-Training Pre-training started with this instruction:
Today you are going to be trying to collect snack from a vending machine. The
vending machine looks like this...
This was followed by the image of the empty ‘vending machine’ presented on screen.
Then participants were instructed that outcomes would be delivered in this experiment:
Sometimes the vending machine drops snacks into the box underneath it. The
dropped snacks that need to be collected look like this...
An image of a food outcome not used in this task was presented in the ‘delivery box’ below
the vending machine.
Instructions for the pre-training outcome collection were:
Now you need to figure out when the vending machine drops snacks, and collect
the snacks as fast as you can!The snacks you collect now will be able to be traded in
for REAL SNACKS at the end of the test!Press DOWN to collect the snacks that
have been dropped into the box. Once a snack has been collected it will disappear
from the box.
Instructions for the pre-conditioning checking training were:
Now we are going to close the lid on the box - you wont be able to see inside it
all the time anymore. To check inside the box you will need to press the SPACE
bar.Practice checking inside the box - press SPACE to open the lid. Notice how
long it takes for the lid to close again.
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Conditioned Inhibition The instructions for the feature-negative conditioned inhibition
task were as follows:
You now need to try and collect the snacks that the vending machine drops! The
snacks you collect now will be able to be traded in for REAL SNACKS at the end
of the test! Press SPACE to open the lid. Press DOWN to collect the snack. Only
check when you think a snack has been dropped. So try to learn when you should
check for snacks!
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A.2 Instrumental and Pavlovian Contingency Assessment Ques-
tionnaire
This questionnaire was used to assess the instrumental and Pavlovian contingencies experi-
enced in the Pavlvoian-instrumental transfer tasks used in Chapters 3 and 5.
Participant Number: __________________ 
 
1) Which snack was associated with tilting the vending machine LEFT: 
a) M&Ms 
b) BBQ shapes 
 
2) Which snack was associated with tilting the vending machine RIGHT: 
a) M&Ms 
b) BBQ shapes 
 
3) What were the RED lights associated with: 
a) M&Ms delivered 
b) NO M&Ms delivered  
c) BBQ Shapes delivered 
d) NO BBQ Shapes delivered 
e) NO snack delivered 
f) Nothing 
 
4) What were the BLUE lights associated with: 
a) M&Ms delivered 
b) NO M&Ms delivered  
c) BBQ Shapes delivered 
d) NO BBQ Shapes delivered 
e) NO snack delivered 
f) Nothing 
 
5) What were the GREEN lights associated with: 
a) M&Ms delivered 
b) NO M&Ms delivered  
c) BBQ Shapes delivered 
d) NO BBQ Shapes delivered 
e) NO snack delivered 
f) Nothing 
 
6) What were the YELLOW lights associated with: 
a) M&Ms delivered 
b) NO M&Ms delivered  
c) BBQ Shapes delivered 
d) NO BBQ Shapes delivered 
e) NO snack delivered 
f) Nothing 
 
7) What were the GREY lights associated with: 
a) M&Ms delivered 
b) NO M&Ms delivered  
c) BBQ Shapes delivered 
d) NO BBQ Shapes delivered 
e) NO snack delivered 
f) Nothing 
 
Appendix B
Supplementary Methods: Bayesian
Model Comparison Analyses
B.0.1 Bayesian Model Comparison Analysis
The same Bayesian Model Comparison analyses were run using data obtained from the
transfer tests in Chapters 3 and 5.
The Bayesian Model Comparison analyses were run in R using rjags and JAGS. The
scripts used were adapted from Kruschke (2014). To allow for a quantitative comparison
of the bias in action-selection produced by stimuli predicting the delivery or absence of
specific outcomes, the expression of excitatory and inhibitory sPIT in the two experiments in
Chapter 3 were converted into bias scores (Excitors: Same/(Same + Different); Inhibitors:
Different/(Same + Different)). Bias scores for the Excitors and Inhibitors were also calculated
for the Specific and General Learner subgroups.
The priors for the two models used in model comparisons were normally distributed.
For the No-Bias model, the parameter reflecting the mean of the distribution was taken
from the bias observed in the expression of gPIT in Chapter 2 Experiment 2, and was set
as .5. This produced a distribution of biases that reflected our previous observations in a
condition in which no bias in action-selection was observed. In the Bias Model, the mean
bias parameter was taken from the expression of excitatory sPIT observed in Chapter 2
Experiment 2, and was set at .75. For both models, the variation of the prior distribution
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set based on the variation in the expression of transfer observed in the previous experiment.
This model reflected the distribution in bias previously associated with the expression of
excitatory sPIT. Non-informative priors were used to set the prior model probabilities. An
extract of the model script used to define the models is displayed below:
model {
f o r ( i in 1 :N ) {
y [ i ] ˜ dnorm( mu, lambda )
}
mu ˜ dnorm( omega [m] , 100)
sigma ˜ dun i f ( 0 , 1 )
lambda <− 1/pow( sigma , 2 )
omega [ 1 ] <− . 5
omega [ 2 ] <− . 75
m ˜ dcat ( mPriorProb [ ] )
mPriorProb [ 1 ] <− . 5
mPriorProb [ 2 ] <− . 5
}
A MCMC sampling procedure was used to generate posterior probabilities for both models
in each model comparison. 4 chains were run, using 1000 steps to tune the samplers, 1000
steps to ‘burn in’ the samplers, with the final 50000 steps saved.
The Bayes factors (BF10) for each model comparison were calculated as the posterior
probability of the Bias Model divided by the posterior probability for the No Bias Model.
Appendix C
Supplementary Imaging Results
C.1 ROI Analysis
To clarify the whole-brain analyses of sPIT effects, we performed ROI analyses, as in Morris
et al. (2015). Following the approach of Morris et al. (2015), putamen ROIs were constructed
from previous human imaging studies. We calculated the average MNI coordinates from prior
studies demonstrating effects of sPIT in the putamen (Table C.1) and constructed an 8-mm
radius shere around the left and right putamen coordinates (Figure C.1)
Table C.1: MNI Coordinates of Regions-of-Interest Analyses
Region x y z Reference
Right Putamen 29 -2 -6 Pre´vost et al. (2012)
27 -3 -3 Bray et al. (2008)
24 -18 0 Bray et al. (2008)
28 -3 -5 Average
Left Putamen -27 -25 -3 Bray et al. (2008)
C.2 Whole Brain Analysis Results
Complete activity tables of whole brain analyses for the contrasts reported in Chapter 5.
Thresholded at p < .001 and k > 7. The Automated Anatomical Labeling (aal) SPM toolbox
was used for cluster labelling.
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Figure C.1: Masks used for the ROI Putamen analyses. Coordinates for the left (red)
and right (blue) ROI masks were taken from previous imaging studies of sPIT in humans.
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C.2.1 Activity Associated with Stimulus Presentations Parametrically Mod-
ulated by Stimulus Promoted Responses
Table C.2: Contrast: Individual Excitors (parametrically modulated by the number of Same
responses) > Neutral Stimulus.
Region Laterality x y z Voxels t
Mid Frontal Gyrus L -18 46 46 130 4.81
Insula / Superior Temporal Gyrus R 44 -12 4 26 4.26
Middle Occipital Gyrus L -44 82 32 17 4.23
Putamen L -30 -8 6 10 4.00
Parahippocampal Gyrus R 22 -14 -18 10 3.95
Calcarine Gyrus L -16 -56 10 7 3.92
Superior Occipital Gyrus R 16 -94 26 5 3.89
Superior Medial Frontal Gyrus L -4 -54 48 10 3.82
Table C.3: Contrast: Individual Inhibitors (parametrically modulated by the number of
Different responses) > Neutral Stimulus.
Region Laterality x y z Voxels t
Superior Temporal Gyrus R 44 -10 -2 115 6.74
Insula / Putamen L -32 -10 8 81 5.62
Insula / Putamen R 12 -30 6 180 4.77
Hippocampus / Thalamus L -16 -34 10 30 4.68
Medial Frontal Gyrus L -12 46 50 25 4.06
Table C.4: Contrast: Inhibitory Congruent Compounds (parametrically modulated by the
number of Different responses) > Neutral Stimulus.
Region Laterality x y z Voxels t
Putamen / Thalamus R 28 -14 6 107 5.85
Superior Temporal Gyrus R 44 -4 -6 45 3.90
Table C.5: Contrast: Excitatory Incongruent Compounds (parametrically modulated by
the number of Same responses) > Neutral Stimulus.
Region Laterality x y z Voxels t
Superior Temporal Gyrus R 42 -10 2 21 4.36
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Table C.6: Individual Excitors (parametrically modulated by the number of Same responses)
Congruent Compounds (parametrically modulated by the number of Different responses).
Region Laterality x y z Voxels t
Superior Frontal Gyrus L -26 34 54 21 5.42
Inferior OFC L -30 48 -16 157 4.58
Inferior Temporal Gyrus R 36 -2 -38 14 4.40
Cerebellum R 34 -70 -24 44 4.01
Mid Frontal Gyrus R 34 12 62 8 4.05
Mid Frontal Gyrus L -22 14 58 16 4.01
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C.2.3 Activity Associated with Excitor-related Action Preference in Indi-
vidual Excitors and Congruent Compounds.
Table C.7: Contrast: Individual Excitors (parametrically modulated by preference for Same
responses) > Congruent Compounds (parametrically modulated by preference for Same re-
sponses)
Region Laterality x y z Voxels t
Mid Occipital Gyrus R 14 -68 44 166 5.22
Superior Parietal Lobule L -14 64 48 68 4.90
Inferior OFC R 38 26 -16 29 4.87
Thalamus L -6 -22 -2 53 4.63
Putamen L -26 6 -2 72 4.63
Superior Parietal Lobule/
Pre & Post Central Gyrus R 28 -34 60 330 4.49
Medial Frontal Gyrus R 10 34 62 10 4.31
Precentral Gyrus / Midcingulate
SMA R 2 -32 50 220 4.30
Mid/Inferior Occipital Gyrus R 34 -98 2 15 4.30
Pallidum /Putamen R 26 6 2 36 4.28
Superior Medial Frontal Gyrus L -14 40 56 18 4.23
Superior Occipital Gyrus R 22 -96 20 10 4.10
Precentral Gyrus R 52 -2 46 14 4.03
Temporal Pole L -44 20 -38 12 3.95
Pallidum R 26 -10 0 10 3.94
Insula L -38 10 0 11 3.88
Appendix D
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Inhibitory Pavlovian–Instrumental Transfer in Humans
Stephanie L. Quail
University of Sydney
Vincent Laurent
University of New South Wales
Bernard W. Balleine
University of Sydney and University of New South Wales
Although there has been extensive research in both humans and rodents regarding the influence of
excitatory predictions on action selection, the influence of inhibitory reward predictions is less well
understood. We used a feature-negative conditioned inhibition procedure to generate Pavlovian excitors
and inhibitors, predicting the presence or absence of specific outcomes, and assessed their influence on
action selection using a Pavlovian–instrumental transfer test. Inhibitors predicting the absence of a
specific outcome reversed the bias in action selection elicited by outcome-specific excitors; whereas
excitors promoted responding on the action associated with the same outcome as the cue, inhibitors
shifted responding away from such actions and toward other actions. Furthermore, the influence of
the inhibitors on choice reflected the nature of the inhibitory associations learned by participants; those
encoding outcome-specific inhibitory associations showed a strong reversal in the bias elicited by the
excitors, selectively biasing performance away from the action associated with the to-be-omitted outcome
and toward other actions. In contrast, those encoding only general inhibitory associations did not show
any bias during the transfer test and instead reduced their performance of both actions.
Keywords: specific inhibition, conditioned inhibition, transfer of control, Pavlovian conditioning, instru-
mental conditioning
Successful adaptation to a changing environment requires the
capacity to extract predictive information from environmental
events to select optimal actions given the current circumstances.
This capacity can be modeled in the laboratory using the outcome-
specific Pavlovian–instrumental transfer (PIT) paradigm, an ap-
proach that has been used in both rodents and humans (Bray,
Rangel, Shimojo, Balleine, & O’Doherty, 2008; Colwill & Re-
scorla, 1988; Kruse, Overmier, Konz, & Rokke, 1983; Morris,
Quail, Griffiths, Green, & Balleine, 2015; Quail, Morris, & Bal-
leine, 2017). In this paradigm, subjects are given instrumental
training to acquire two responses (R1 and R2) to earn two distinct
but motivationally similar outcomes (O1 and O2) such that R1¡
O1 and R2 ¡ O2. In separate sessions, Pavlovian conditioning is
conducted in which two stimuli (S1 and S2) reliably predict the
occurrence of the same outcomes (i.e., S1 ¡ O1 and S2 ¡ O2).
Subsequently, a transfer test is conducted in which the effect of the
Pavlovian stimuli on choice between the two instrumental re-
sponses is assessed. The results of such tests consistently show that
a stimulus predicting a particular outcome biases choice toward a
response that delivers the same outcome (i.e., S1: R1  R2; S2:
R2 R1), providing evidence both for outcome-specific encoding
of Pavlovian predictive learning and for the selective biasing effect
of that learning on instrumental choice.
In addition to analyzing the effects of Pavlovian excitors, sev-
eral studies have assessed the effect of Pavlovian conditioned
inhibitors on choice between actions. For example, Kruse et al.
(1983) examined the effects of a conditional stimulus (CS) explic-
itly unpaired with the unconditioned stimulus (US); Delamater,
Sosa, and LoLordo (2003) assessed the effects of a CS backwardly
paired with the US; and Laurent and Balleine (2015) compared the
use of backward conditioning, overexpectation, and feature-
negative discrimination to establish conditioned inhibition,
whereas Laurent, Chieng, and Balleine (2016) used experimental
extinction. Importantly, each of these studies found evidence that
inhibitors alter choice away from actions associated with the
outcome that the inhibitor predicts will be omitted. Furthermore,
although baseline levels of performance were not assessed during
the transfer test in the study conducted by Kruse et al. (1983) or in
the study conducted by Delamater et al. (2003), Laurent and
Stephanie L. Quail, Brain and Mind Centre, University of Sydney;
Vincent Laurent, School of Psychology, University of New South Wales;
Bernard W. Balleine, Brain and Mind Centre, University of Sydney, and
School of Psychology, University of New South Wales.
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Balleine (2015) and Laurent et al. (2016) were able to demonstrate
that despite using various different means to establish conditioned
inhibition, in each case the inhibitors caused a selective increase in
the performance of actions associated with other outcomes above
baseline. This evidence of outcome-specific inhibition emerged
even when performance of the action associated with the inhibited
outcome was maintained at baseline levels of responding. There-
fore, their findings also provide particularly strong evidence that
conditioned inhibitors can provide information about specific ab-
sent outcomes and that this information can be used to guide
choice.
Despite these findings, the evidence to date for outcome-specific
conditioned inhibition has been limited to experiments conducted
on rats, and generalization to human subjects has been limited.
Most importantly, as these effects have relied on Pavlovian–
instrumental transfer tests, it remains unknown whether the rever-
sal of choice that has been obtained in prior studies in rats con-
stitutes a general phenomenon that would be present across
species; outcome-specific transfer has so far been evaluated rela-
tively rarely in human subjects. Therefore, to address this issue, the
current study used human participants to examine action selection
in the presence of excitatory and inhibitory stimuli using a task that
was previously able to replicate the effects of excitatory stimuli on
choice in human subjects (Morris et al., 2015; Quail et al., 2017).
The excitatory and inhibitory stimuli were generated using a
feature-negative conditioned inhibition design (Holland, 1984; Re-
scorla, 1969) during which two stimuli (S1 and S2) predicted two
distinct outcomes (S1¡ O1; S2¡ O2), except when presented in
conjunction with another stimulus when no outcome was delivered
(S1S3 ¡ Ø; S2S4 ¡ Ø). Using this procedure, we hoped to
establish S3 and S4 as specific inhibitors of O1 and O2, respec-
tively (S3¡ noO1; S4¡ noO2). Participants were also trained to
associate two responses (R1 and R2) with the delivery of the two
outcomes. We expected to observe the traditional transfer effect
when assessing choice between R1 and R2 in the presence of either
S1 or S2. The critical question, however, concerned the effects that
the two inhibitors would exert on action selection. If the condi-
tioned inhibition procedure produces outcome-specific inhibitory
associations in humans, a bias in response choice in the presence
of the inhibitory stimuli should be observed away from the action
delivering the inhibited outcome and toward the other action. If
only general inhibition is generated in humans, then we should
anticipate that both actions will be inhibited relative to baseline
levels of responding.
Experiment 1
Method
Participants. Based on the effect size established in prior
studies (cf. Morris et al., 2015), 20 participants (12 women) with
a mean age of 31.4 (SD  11.4) were recruited from the commu-
nity. Participants were reimbursed for their time with gift vouch-
ers. All participants provided written informed consent according
to the approval requirements of the Human Research Ethics Com-
mittee of the University of Sydney.
Materials. The task was designed using PsychoPy software
(Peirce, 2007) and was conducted on an Apple laptop. Responses
were made by pressing one of two buttons on a button box
connected to the laptop. Throughout the task, an image of a
vending machine was presented on the screen. This image tilted
left or right in response to participants’ button presses. The stimuli
used during the Pavlovian training stage of the task consisted of
different-colored lights on the vending machine (red, green, blue,
yellow, or gray). The two outcomes used were images of distinct
snacks (M&Ms or BBQ Shapes).
Procedure. After providing consent, participants rated their
current level of hunger and the pleasantness of the two snacks.
Both stages of training and the transfer test were completed se-
quentially in a single testing session. A summary of the experi-
mental design of this task is provided in Table 1, and an illustration
of the task is presented in Figure 1.
Instrumental training. In this phase, participants were able to
freely press two buttons to earn snacks. They were not able to
consume the snacks as they earned them but were informed that
they would be able to exchange earned snacks for real snacks at the
end of the experiment. Participants were instructed to press the
button with only one finger of their dominant hand to ensure that
only one response could be made at a time. Both responses were
concurrently reinforced on random ratio 5 (RR5) schedules, such
that, on average, 1 in every 5 responses on each button was
rewarded. Responses on the two different buttons (i.e., R1 and R2)
were associated with the delivery of different outcomes (i.e., O1
and O2), with the button–outcome relationship counterbalanced
across participants. As each outcome was earned, a picture of that
snack appeared on the screen for 1 s. This phase lasted until a total
of 50 outcomes were earned.
Pavlovian training. In this phase, we used a feature-negative
design to generate two outcome-specific Pavlovian inhibitors. For
this phase, participants were asked to observe the relationship
between different-colored lights appearing on the front of the
vending machine and the delivery of different snack outcomes
(Different lights will let you know about when the vending machine
will drop snacks. Watch the lights to learn when different snacks
fall out). Two such stimuli (S1 and S2) were paired with the
delivery of two different outcomes (i.e., S1–O1 and S2–O2). The
relationship between these stimuli and outcome delivery was ini-
tially trained in a mixed design (i.e., ABBABAAB), with each
excitor presented four times to establish the specific excitatory
associations. Training of these associations was further continued
but was intermixed with compound presentations of each excit-
atory stimulus with a novel stimulus (i.e., S1S3 and S2S4). No
outcomes were delivered in the presence of these compounds. This
feature-negative design was intended to generate excitatory stimuli
that were associated with the delivery of a specific outcome
Table 1
Experimental Design for the PIT Task Used in Experiment 1
Instrumental training Pavlovian training Test
R1¡ O1 S1SN¡ O1 S1 ¡ R1 versus R2
R2¡ O2 S2SN¡ O2 S2 ¡ R1 versus R2
S1SNS3¡ Ø S3 ¡ R1 versus R2
S2SNS4¡ Ø S4 ¡ R1 versus R2
SN ¡ R1 versus R2
Note. PIT  Pavlovian–instrumental transfer; R  Response; O  out-
come; S  stimulus; Ø  no outcome; SN  neutral stimulus.
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2 QUAIL, LAURENT, AND BALLEINE
(S1–O1 and S2–O2) and inhibitory cues that predicted the absence
of a specific outcome (S3–noO1 and S4–noO2).
A neutral stimulus (SN) was also developed to allow us to assess
the influence of a noninformative cue on responding during the
transfer test. There were a number of ways such a stimulus could
have been developed; however, we wanted to establish an associ-
atively NS that was not informative and yet was treated similarly
to the excitors and inhibitors during training. As such, we pre-
sented this stimulus with both excitors and both compound cues so
that it was equally paired with both outcomes.
The single and compound stimulus trials were randomly inter-
mixed in each block. A block consisted of one presentation of each
of the two excitors and of the two compound stimuli. Each trial
included an intertrial interval (ITI) of 3 s followed by a stimulus
presentation (3 s). For excitatory stimuli, the outcome was deliv-
ered 1 s after the stimulus onset and then remained on screen for
the duration of the stimulus (i.e., for 2 s). For compound stimuli,
no outcomes were presented on the screen. The single and com-
pound stimuli were presented a total of 22 times each during
training.
Contingency assessment. After completing the Pavlovian
training procedure, participants were given a multiple-choice ques-
tionnaire to assess how well they had learned the instrumental and
Pavlovian relationships. Participants answered seven questions:
two regarding the response–outcome (R–O) contingencies expe-
rienced during instrumental training (e.g., What snack was asso-
ciated with tilting the vending machine LEFT?) and five regarding
the relationships of the five stimuli presented during Pavlovian
training (e.g., What was the RED light associated with?). Because
it was unclear if the conditioning procedure would produce spe-
cific or general inhibitory associations, participants were able to
report whether the inhibitory stimuli were associated with the
absence of a specific outcome (i.e., NO M&Ms delivered) or with
the general absence of any outcome (i.e., NO snack delivered).
They were not given any feedback regarding their answers to the
questionnaire.
Transfer test. This test examined the influence of the individ-
ual excitatory and inhibitory stimuli on action selection. During the
task, the five individual stimuli (S1, S2, S3, S4, and SN) were
presented, with presentations of each stimulus separated by an ITI
during which the unlit vending machine was presented on the
screen. Each stimulus was presented seven times for 6 s with a
variable ITI (12  4 s). This phase was conducted in nominal
extinction; that is, no outcomes were delivered in response to
participants’ actions. However, participants were told that they
would continue to earn outcomes and that they would be able to
exchange them for real snacks at the end of the experiment.
Testing in the absence of specific feedback ensured that respond-
ing during this stage was not influenced by any changes in the
experience of the various outcomes during the test.
Data analysis. To examine the biasing effects of excitatory
and inhibitory Pavlovian stimuli on action selection, we first
calculated a baseline rate of responding. This was calculated by
averaging the number of R1 and R2 responses made during the
prestimulus period (i.e., the 6-s period before the onset of each
stimulus) of the transfer test. To determine the influence of each
stimulus on response selection, R1 and R2 were identified as same
or different responses based on their relationship to the outcome
predicted by the cues on each trial (i.e., O1, O2). For excitors,
same responses were those associated with the outcome predicted
by the stimulus and different responses were those associated with
the outcome the stimulus did not predict (same would be R1 in S1
and R2 in S2, whereas different would be R2 in S1 and R1 in S2).
For the inhibitors, the responses were identified as same or differ-
ent based on the outcome the stimulus predicted would be absent
(same would be R1 in S3 and R2 in S4, whereas different would
be R2 in S3 and R1 in S4). The number of same or different
responses made was averaged across presentations of each stimu-
lus and then collapsed across the two stimuli for each cue type. For
the NS, the number of R1 and R2 responses was averaged to
calculate the rate of responding in the presence of that stimulus.
The prestimulus baseline rate was subtracted from these rates of
responding to produce the change in responding on the same and
different responses made in the presence of both the excitors and
the inhibitors.
A repeated-measures 2  2 analysis of variance (ANOVA) was
conducted on the response rate data using stimulus type (excitor
vs. inhibitor) and response (same vs. different) as factors, with the
interaction used to determine if the valence of the predictive
relationship between a stimulus and a specific outcome influences
its ability to bias response selection. Paired t tests were then
conducted to examine the expression of specific transfer (i.e., the
difference in the number of same and different responses made) in
each stimulus type separately. In addition to the ability of these
stimuli to bias response selection, we were also interested in the
ability of these stimuli to promote or suppress responding from
baseline. To assess this, we used one-sample t tests comparing the
baseline-subtracted rates of responding on the same and different
Figure 1. The vending machine task used to examine Pavlovian–instrumental transfer. (A) Instrumental
training: Participants were able to tilt the vending machine left or right to earn two different snacks. (B)
Feature-negative conditioned inhibition: Two stimuli (S1 and S2) were associated with the delivery of different
outcomes when presented alone. Two compounds (S1S3 and S2S4) were associated with no outcome delivery.
(C) Transfer test: Participants were able to respond freely in the presence and absence of the excitatory and
inhibitory Pavlovian stimuli. See the online article for the color version of this figure.
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3INHIBITION AND TRANSFER
actions in the presence of the excitatory, inhibitory, and neutral
stimuli against zero.
Data are presented as the mean  1 standard error of the mean
(SEM), with the latter calculated using a within-subjects adjust-
ment that takes into account within-subject variables and normal-
izes the data to calculate the within-subjects error (see https://cran
.r-project.org/web/packages/Rmisc/index.html). This method is
based on research conducted by Morey (2008) and is similar to the
method reported by O’Brien and Cousineau (2014).
Results
Instrumental and Pavlovian training proceeded without issue.
The posttraining questionnaires revealed that 19 of 20 participants
correctly reported the instrumental contingencies and the excit-
atory Pavlovian contingencies. However, there appeared to be
intersubject variability in the inhibitory associations that partici-
pants learned, with nine participants reporting that the inhibitory
stimuli were associated with the absence of a specific outcome; six
reporting that the cues predicted the absence of any outcome; and
five reporting that the cues provided a combination of specific,
general, and noninformative predictions. One participant was ex-
cluded from the analysis for incorrectly reporting the instrumental
contingencies, leaving 19 participants for further analysis.
The data of greatest interest were those from the PIT test (see
Figure 2) that assessed choice between the two instrumental re-
sponses in the presence of the stimuli that had been trained to
specifically predict the occurrence or the absence of the two
outcomes. Both types of stimuli influenced choice, but in different
ways, F(1, 18)  25.44, p  .002, p2  .59. The excitors biased
choice toward the response with which they shared a common
outcome (same  different), t(18)  4.94, p  .001. In contrast,
inhibitors guided choice away from the response delivering the
outcome predicted to be absent and toward the response earning
the other outcome (same  different), t(18)  2.55, p  .020.
Excitors and inhibitors also differed in their ability to energize
responding above baseline. Performance on the chosen response
was higher than baseline in the presence of the excitors, same 
baseline: t(18)  3.55, p  .0023, but did not differ from baseline
in the presence of the inhibitors, different versus baseline:
t(18)  .033, p  .250; ns. However, both types of stimuli
suppressed performance below baseline on the less chosen re-
sponse, excitors: different  baseline: t(18)  2.99, p  .001;
inhibitors; same  baseline: t(18)  3.28, p  .0027. Finally,
the SN produced a numerically small but statistically significant
reduction in responding relative to baseline, neutral  baseline:
t(18)  2.45, p  .025.
The present experiment suggests, therefore, that the feature-
negative design employed can generate outcome-specific excitors
and inhibitors in humans. This was established in the PIT test by
the ability of the excitors to bias choice toward the response with
which they shared a common outcome and the ability of the
inhibitors to reverse that choice, consistent with the prior research
in rats (Delamater et al., 2003; Laurent & Balleine, 2015). How-
ever, although the excitors elevated performance of the chosen
response above baseline, the inhibitors failed to produce the com-
plete reversal of the transfer effect as previously observed in the
study conducted by Laurent and Balleine (2015), although both
types of stimuli suppressed performance of the less chosen re-
sponse.
Experiment 2
Although Experiment 1 revealed that an inhibitor of a particular
outcome biases choice toward a response earning a different out-
come, responding on that chosen response was no higher than
baseline, failing to fully reverse the influence of the excitatory
stimuli on response selection. It is possible, however, that the fact
that the participants had never encountered the inhibitors alone
prior to the transfer test reduced the inhibitory properties of the
stimuli. Alternatively, baseline responding remained relatively
high across the test, perhaps because the test was conducted under
only nominal extinction. High baselines have been found to pre-
vent the detection of the energizing effect of stimuli on response
selection in both humans and animals (Colagiuri & Lovibond,
2015; Delamater, 1996).
The present experiment addressed these issues. First, in addition
to testing the influence of individual excitatory and inhibitory
stimuli on response selection, we also examined the effect of
various compounds during the test. Second, the duration of the
stimulus presentations and the ITI were increased during Pavlov-
ian training in an attempt to reduce any excitatory conditioning to
the context. Finally, as Experiment 1 demonstrated differences in
inhibitory learning among participants, we used a larger sample
size so that we could examine the influence of the inhibitors on
choice in subgroups of participants who reported specific versus
general inhibition.
Method
Participants. Thirty participants (16 women) were recruited
from the community, with a mean age of 24.43 (SD  4.47). All
participants were reimbursed for their time with gift vouchers. All
participants provided written informed consent according to the
approval requirements of the Human Research Ethics Committee
of the University of Sydney.
Materials. The materials were the same as those used in
Experiment 1.
-10
-5
0
5
10
R
es
po
ns
es
pe
r6
s
(m
in
us
ba
se
lin
e)
Same
Different
Excitors Inhibitors Neutral
Figure 2. Excitatory and inhibitory Pavlovian–instrumental transfer in Ex-
periment 1. Excitatory Pavlovian stimuli associated with the delivery of
specific outcomes biased action selection and selectively promoted responding
on the action associated with the delivery of the same outcome that the cue
predicts. Inhibitory Pavlovian stimuli, associated with the absence of a specific
outcome, biased action selection, eliciting more responses on the button
associated with the delivery of the alternate outcome, but did not promote
performance on this action above baseline. Error bars represent 1 standard
error of the mean (SEM).
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4 QUAIL, LAURENT, AND BALLEINE
Procedure. The procedure was the same as that used in Ex-
periment 1 except where noted. A summary of the experimental
design is provided in Table 2.
Instrumental training. In this phase, participants were able to
press two buttons to earn snacks, as in Experiment 1. However, to
promote response–outcome learning, we conducted single-
response training for a period prior to training during which
participants could respond freely on both buttons under an RR5
reinforcement schedule. During the single-response training, par-
ticipants were only able to make either left or right responses until
10 outcomes had been earned and then were able to make the
opposite response (i.e., right or left) until an additional 10 out-
comes had been earned. After this training, participants were able
to respond freely on both buttons until 30 additional outcomes
were earned. The total number of outcomes earned across all
stages of instrumental training was 50, as in Experiment 1. This
serial training procedure was introduced both to increase the
response–outcome learning and (we hoped) to favor the develop-
ment of the inhibitory response–outcome associations proposed to
drive the reversal of choice produced by inhibitory stimuli.
Pavlovian training. The structure of Pavlovian training re-
mained the same as in Experiment 1; however, the parameters
regarding the lengths of stimuli presentation were changed. The
ITI was increased to 12 s, and the duration of the stimulus was
increased to 6 s to make these lengths consistent with those used
in the transfer test. For excitatory cues, the onset of the outcome
was 2 s after the stimulus onset and was presented for the rest of
the duration of the stimulus (i.e., for 4 s). Other details were the
same as those for Experiment 1.
Transfer test. As in Experiment 1, participants were able to
respond freely in the presence and absence of Pavlovian stimuli. In
addition to the individual excitors and inhibitors tested in Exper-
iment 1, the influence of the compound stimuli on response selec-
tion was also examined. Compound stimuli consisted of a trained
excitatory stimulus and an inhibitory stimulus presented together.
Congruent compounds were those presented during Pavlovian
training (S1S3, S2S4), with the excitatory stimulus predicting the
delivery of one outcome and the inhibitory stimulus signaling the
absence of that same outcome. Incongruent compounds consisted
of the alternate pairs of stimuli (S1S4, S2S3), such that the excitor
predicts the delivery of one outcome and the inhibitor predicts the
absence of the other outcome. As such, the incongruent com-
pounds should predict the delivery of the outcome associated with
the excitor and bias choice in a similar manner to the excitor alone.
As in Experiment 1, each individual or compound stimulus was
presented seven times for 6 s during the test session, with a
variable ITI (12  4 s).
Data analysis. The influence of individual and compound
stimuli on response selection was assessed separately. The same
approach as that used in Experiment 1 was used to calculate the
prestimulus baseline and to identify same and different responses.
For both the congruent and incongruent compounds, the same and
different responses were defined according to the outcome pre-
dicted by the excitatory stimulus embedded in the compound
(same would be A1 in S1S3 and A2 in S2S4, whereas different
would be A2 in S1S3 and A1 in S2S4). These same and different
responses were collapsed across stimulus presentations, as in Ex-
periment 1, to determine the average number of responses made in
the presence of the congruent and incongruent stimuli. The pre-
stimulus baseline rate of responding was subtracted from these
rates as for the excitors and inhibitors.
Again, 2  2 repeated measures ANOVAs of stimulus type and
action were conducted on the response rate data. The stimulus type
factor differed between the individual stimuli (excitors vs. inhib-
itors) and compound stimuli (congruent vs. incongruent) analyses,
whilst the action factor (same vs. different) was consistent across
both tests. Additionally, to examine if the difference between the
results of Experiment 1 and those of Laurent and Balleine (2015)
was driven by the nature of the inhibitory associations developed
by participants during our conditioned inhibition procedure, we
split the cohort into subgroups based on the inhibitory associations
reported on the posttraining questionnaire. Participants who re-
ported that the inhibitors were associated with a general absence of
any outcome were classified as general learners, whereas partici-
pants who reported that the stimuli were associated with the
absence of specific outcomes were classified as specific learners.
To examine if these subgroups of participants expressed differ-
ences in excitatory- and inhibitory-specific transfer, mixed-design
2 2 2 ANOVAs of learner group (specific learners vs. general
learners), stimulus type, and response on rate of responding were
performed for both the individual and compound stimuli. The same
post hoc tests used in Experiment 1 were conducted to clarify the
nature of any difference in responding between the groups. Data
are presented as the mean  1 SEM, with the latter calculated
using the within-subjects adjustment described for Experiment 1.
Results
As in Experiment 1, instrumental and Pavlovian training pro-
ceeded without incidence. Posttraining questionnaires revealed
that one participant did not correctly report the instrumental con-
tingencies; this participant was thus excluded from the analysis.
One participant was also excluded for not reporting that inhibitory
stimuli were associated with either the specific or general absence
of the outcomes. This left 28 participants for further analysis.
Transfer test.
Individual cues. In a manner similar to Experiment 1, excit-
atory and inhibitory stimuli were found to bias choice in opposite
directions (Figure 3), F(1, 27)  32.00, p  .001, p2  .54. The
Table 2
Experimental Design for the PIT Task Used in Experiment 2
Instrumental training Pavlovian training Test
R1 ¡ O1 R2 ¡ O2 S1SN¡ O1 Excitors
S2SN¡ O2 S1 ¡ R1 versus R2
S1SNS3¡ Ø S2 ¡ R1 versus R2
S2SNS4¡ Ø Inhibitors
S3 ¡ R1 versus R2
S4 ¡ R1 versus R2
Congruent
S1S3 ¡ R1 versus R2
S2S4 ¡ R1 versus R2
Incongruent
S1S4 ¡ R1 versus R2
S2S3 ¡ R1 versus R2
SN ¡ R1 versus R2
Note. PIT  Pavlovian–instrumental transfer; R  Response; O  out-
come; S  stimulus; Ø  no outcome; SN  neutral stimulus.
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5INHIBITION AND TRANSFER
excitors biased choice toward the response with which they shared
a common outcome, same  different: t(27)  6.25, p  .001,
whereas the inhibitors biased performance away from the response
earning the outcome that was predicted to be omitted, same 
different: t(27)  3.12, p  .0042. Analysis of the energizing
effects exerted by the stimuli essentially replicated Experiment 1;
the excitors elevated responding on the chosen response above
baseline, t(27) 3.89, p .001, while reducing responding on the
less chosen response below baseline, t(27)  5.94, p  .001. In
contrast, the inhibitors failed to energize responding on the chosen
response above baseline, t(27)  .87, p  .250, but suppressed
responding on the less chosen response below baseline,
t(27)  4.51, p  .001. Finally, the SN had no significant effect
on performance, t(27)  1.55, p  .13.
Compound cues. Like the single stimuli, the congruent and
incongruent compounds biased response selection in opposite di-
rections (Figure 4), F(1, 27)  10.61, p  .0030, p2  .28. The
incongruent compounds guided choice toward the response deliv-
ering the outcome predicted by the excitatory stimulus, same 
different: t(27)  3.032, p  .0053. Congruent compounds pro-
duced the opposite effect, biasing choice away from the response
earning the outcome predicted to be omitted, same  different:
t(27)  2.055, p  .049. The two classes of compounds pro-
duced similar energizing effects on responding; both reduced
responding on the less chosen response below baseline—incon-
gruent: t(27)  3.59, p  .0013; congruent: t(27)  2.78, p 
.0098—while leaving responding on the chosen response intact
relative to baseline—incongruent: t(27)  1.28, p  .21; congru-
ent: t(27)  .70, p  .250. Thus, the compound test procedure
employed failed to generate performance greater than the baseline
effect using the inhibitory stimuli or compounds.
Inhibitory learning subgroups. Nevertheless, as in Experi-
ment 1, the analyses of the contingency questionnaires revealed a
large variability in the ability of participants to correctly report the
specific inhibitory relationships that were trained during Pavlovian
conditioning. Therefore, we conducted further analyses to disam-
biguate performance based on the knowledge of the trained con-
tingencies. To examine the effects of learning-specific inhibitory
associations and their subsequent effect on choice among re-
sponses, participants were split into specific and general learner
subgroups. Specific learners were participants who had reported
the inhibitory stimuli as predicting the absence of specific out-
comes, whereas general learners were those who had reported that
the stimuli predicted the absence of all outcomes. One participant
in the general learners group was identified as an outlier: Expres-
sion of transfer in the inhibitory stimuli was over 3 times the
standard deviation of the mean of that group; this participant was
therefore excluded from the subgroup analysis. This left 11 par-
ticipants in the general learners group for further analysis.
Individual cues. General and specific learners displayed dis-
tinct patterns of choice in the presence of the individual stimuli
(Figure 5), F(1, 25) 4.87, p .037, p2  .16, indicating that the
influence of excitors and inhibitors on response selection differed
between these subgroups. Importantly, this effect was entirely
driven by responding during the inhibitors, F(1, 25)  6.55, p 
.017, p2  .21, but not the excitors, F(1, 25) 1.55, p .23, p2 
.058; that is, the excitatory stimuli biased choice toward the
response with which they shared a common outcome to a similar
degree in both groups (same different), general learners: t(10)
3.63, p  .0046; specific learners: t(15)  4.86, p  .001. In
contrast, the inhibitory stimuli did not influence response selection
in the general learner subgroup, t(10)  .11, p  .250, but did
in the specific learner subgroup. In this latter subgroup, the inhib-
itors biased choice away from the response whose outcome was
predicted to be omitted, same  different: t(15)  3.22, p 
.0057. Interestingly, analysis of the energizing effects of the stim-
uli also revealed critical differences between the specific and
general learners. In the specific learner subgroup, performance of
the chosen response was elevated significantly above baseline in
the presence of both the excitors (same  baseline), t(15)  3.31,
p  .0048, and the inhibitors (different  baseline), t(15)  2.18,
p  .045, whereas these stimuli drove performance on the less
chosen response below that same baseline—excitors: different 
baseline: t(15)  4.18, p  .001; inhibitors: same  baseline:
t(15)  3.45, p  .0036. In contrast, the general learner sub-
group failed to show any such effects. In the presence of the
excitors, performance on the chosen response was similar to base-
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Figure 4. The effect of the excitatory and inhibitory compounds on
choice in Experiment 2. Congruent compound stimuli (i.e., those experi-
enced in training) biased response selection in the same manner as indi-
vidual inhibitory stimuli, whereas incongruent compound stimuli, in which
the inhibitor predicts the absence of a different outcome from that paired
with the excitor, biased response selection in a similar manner to single
excitatory stimuli. Error bars represent 1 standard error of the mean
(SEM).
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Figure 3. The effect of the individual excitatory and inhibitory Pavlovian
stimuli on choice in Experiment 2. Individual excitatory stimuli promoted
the response associated with the outcome predicted by the stimulus. Indi-
vidual inhibitory stimuli associated with the absence of a specific outcome
biased response selection, suppressing responding on the action whose
outcome was predicted to be absent. However, these cues failed to elevate
the response associated with the alternate outcome above baseline. Error
bars represent 1 standard error of the mean (SEM).
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6 QUAIL, LAURENT, AND BALLEINE
line, same  baseline: t(10)  1.84, p  .096, whereas perfor-
mance on the less chosen response was below baseline, different
baseline: t(10)  3.65, p  .0045. In the presence of the
inhibitors, the performance of all responses was suppressed below
baseline, same  baseline: t(10)  2.38, p  .039; different 
baseline: t(10)  2.34, p  .049.
Compound cues. The influence exerted by the various com-
pounds was found to be broadly similar to that of the individual
stimuli. Indeed, the compounds produced distinct patterns of choice
depending on whether participants had learned specific or general
inhibitory associations (Figure 6), F(1, 35) 10.70, p .0031, p2 
.30. This difference in responding between the learner subgroups was
seen in both congruent, F(1, 25)  5.018, p  .033, p2  .17, and
incongruent, F(1, 25) 5.18, p .032, p2  .17, compounds. In the
specific learner subgroup, the latter compounds were found to bias
choice toward the response earning the outcome predicted by the
excitatory stimulus embedded in the compound, same  different:
t(15)  3.21, p  .0058. This bias was absent in the general learner
subgroup, t(10)  .22, p  .250. Additionally, the specific learners
displayed similar responding on the chosen response to baseline,
same baseline: t(15) 1.92, p .074, whereas responding on the
less chosen response was reduced below baseline, different  base-
line: t(15)  3.27, p  .0052. In contrast, the general learners
neither increased nor decreased responding on either response relative
to baseline, same  baseline: t(10)  1.059, p  .250; different 
baseline: t(10)  1.42, p  .19. The congruent compounds were
found to produce an opposite effect to incongruent compounds in the
specific learner subgroup but not in the general learner subgroup.
Thus, in the specific learner subgroup, congruent compounds were
found to bias choice away from the response whose outcome was
predicted to be omitted (same different), t(15)2.63, p .019.
These compounds did not influence choice in the general learner
group, t(10)  .61, p  .250. Furthermore, the specific learners
displayed similar responding on the chosen response compared to
baseline (different  baseline), t(15)  1.83, p  .088, whereas
responding on the nonchosen response was reduced below baseline
(same baseline), t(15)2.85, p .012. In contrast, compared to
baseline, responding remained unchanged in the general learners
subgroup, same  baseline: t(10)  .749, p  .250; different 
baseline: t(10)  2.047, p  .068.
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Figure 5. Differences in the expression of specific transfer in the specific and general learner subgroups. (A)
Individual excitors: No differences were found in the expression of specific transfer between learner groups. (B)
Individual inhibitors: Inhibitors differently influenced the expression of specific transfer in the specific and
general learner subgroups. Specific learners showed a strong “reverse Pavlovian–instrumental transfer (PIT)
effect,” whereas general learners did not show any difference in the rate of responding on the same and different
actions in the presence of inhibitors that were both suppressed below baseline. Error bars represent 1 standard
error of the mean (SEM).
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Figure 6. The influence of excitatory and inhibitory compound cues on choice in subgroups reporting either
specific or general inhibition. (A) Incongruent compound cues: Specific and general learners’ action selection
was differentially influenced by the congruent compound cues. Specific learners biased response selection away
from the response associated with the outcome predicted to be omitted, whereas general learners did not show
any bias in response selection. (B) Incongruent compound cues: Specific and general learners’ response selection
was influenced differentially by the incongruent compounds, with specific learners biased toward the response
earning the outcome predicted by the excitatory stimulus embedded in the compound; general learners did not
show any bias. Error bars represent 1 standard error of the mean (SEM).
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7INHIBITION AND TRANSFER
Discussion
These experiments aimed to determine the influence of
outcome-specific excitors and inhibitors on response selection in
humans. Consistent with the small but growing human literature
(Bray et al., 2008; Morris et al., 2015; Nadler, Delgado, &
Delamater, 2011; Quail et al., 2017; Watson, Wiers, Hommel, &
de Wit, 2014), we found that excitatory stimuli bias choice toward
responses earning the outcome that they predicted. Critically, this
choice was reversed by inhibitory stimuli. These stimuli biased
choice away from the response delivering the outcome that they
predicted would be omitted and toward the response earning an
alternative outcome, providing the first evidence that outcome-
specific inhibitors can influence choice in humans. Importantly,
this finding replicates the findings reported in previous rodent
studies using unpaired or backward conditioning (Delamater et al.,
2003; Kruse et al., 1983; Laurent & Balleine, 2015; Laurent,
Wong, & Balleine, 2015), extinction (Laurent et al., 2016), or a
feature-negative design (Laurent & Balleine, 2015) to generate
conditioned inhibition, providing further evidence for the similar-
ity of the associative mechanisms driving learning and choice in
animals and humans.
These experiments also provide a strong demonstration that
outcome-specific inhibitory associations can be generated in hu-
mans. The development of these associations has traditionally been
difficult to observe in human experiments, as they are particularly
sensitive to task framing and assessment procedures (Karazinov &
Boakes, 2004). We found that an outcome-specific transfer task
provides the sensitivity necessary to reveal the outcome-specific
properties of Pavlovian inhibitors. In our experiments, the inhibi-
tors were found to act in an outcome-specific manner: (a) They
biased choice away from a response whose outcome was predicted
to be absent and (b) they promoted responding on a response
earning another outcome. This reflects a reversal of the bias that is
commonly elicited by outcome-specific excitors. It is interesting to
note that these findings contrast with those of a recent study using
a similar task in humans that failed to observe this reversal of the
bias in response selection produced by inhibitors (Alarcón &
Bonardi, 2016). This study showed a nonspecific decrease in the
magnitude of the bias in choice produced by excitatory stimuli
when in the presence of a trained inhibitor. The reason for this
discrepancy appears to stem from differences in the inhibitory
training procedures employed. Alarcón and Bonardi (2016) trained
only a single inhibitory stimulus, whereas we generated two in-
hibitory stimuli, one for each of the outcomes used. As a result, our
procedure is likely to have increased outcome discrimination and
favored the development of an outcome-specific inhibitor as op-
posed to the more general inhibitory association likely produced
by training a single inhibitor. Regardless, our results demonstrate
that the feature-negative conditioned inhibition procedure used in
the present experiments was sufficient to generate outcome-
specific inhibition in humans.
As mentioned, the outcome-selective properties of the inhibitors
generated in the current experiments were demonstrated in two
ways: (a) the ability of inhibitors to shift responding away from
responses earning an outcome predicted to be absent was observed
in both experiments and (b) the ability of inhibitors to elevate the
performance of actions that predicted the absence of the same
outcome as the inhibitor above baseline was observed only in
Experiment 2 and only in subjects reporting outcome-specific
inhibition. Contrary to our expectations based on the recent find-
ings in rodents, we did not observe this elevation in the presence
of a specific inhibitor in the first experiment. We hypothesized that
this may have been due either to a lack of experience with the
inhibitors alone (Laurent & Balleine, 2015) or high levels of
baseline responding (Colagiuri & Lovibond, 2015; Delamater et
al., 2003)—the latter likely due to the need to use only nominal
extinction during the transfer test in humans. Our second experi-
ment sought to address these issues by introducing compound cues
to the transfer test and attempting to reduce contextual condition-
ing. Unfortunately, these changes failed to decrease baseline re-
sponding and, more importantly, did not reveal any increment in
the effect of the inhibitors on responding. However, an increment
was observed when we examined the nature of the inhibitory
associations participants reported. Participants who reported fail-
ing to learn outcome-specific inhibitory associations displayed a
general reduction in performance during both stimuli and no bias
in response selection. In contrast, participants who reported learn-
ing about the identity of the outcome that the inhibitors prevented
displayed a bias in response selection both increasing responding
on the chosen action above baseline and reducing responding on
the action associated with the inhibited outcome. This pattern of
responding reflects a complete reversal of that observed in the
presence of outcome-specific excitors and is a closer reflection of
the recent rodent findings (Laurent & Balleine, 2015).
An important difference from the rodent findings, however, was
the finding in these studies that human participants suppressed
responding of the same action below baseline during the inhibitors.
In fact, a similar pattern of suppression was observed on the
different action during the excitors, and together these findings
make the elevation of the alternate response (whether the same or
different) above baseline more difficult to interpret than in the
prior rodent data. In addition to the high baseline, there are two
other potential reasons why this might have occurred. First, we
developed a control stimulus in this study (SN) by presenting it
with both excitors and both inhibitors so as to render it associa-
tively neutral. The presence of a common stimulus may, however,
have had unintended consequences, perhaps by providing a basis
for generalization between the stimuli and their predictions,
thereby weakening our effects, or by increasing discrimination
between the trial-unique predictors (e.g., McLaren & Mackintosh,
2000). Although the failure of the SN to produce any clear excit-
atory or inhibitory effects in and of itself allows us to argue that it
is the specific information acquired by the excitors and inhibitors
that generated their specific effects in this study, had we omitted
this stimulus, our effects might have differed in magnitude. Sec-
ond, the two responses in the current study were not independent
(different button presses but with the same finger), meaning that
the bias observed is compatible both with an elevation in perfor-
mance by the transfer cue (whether excitatory or inhibitory) and
with simple response competition. With regard to the latter, it is
possible that the inhibitor reduced responding selectively on the
response trained with the inhibited outcome, allowing more op-
portunity for participants to respond on the other action.
Response competition cannot, however, explain the rodent data
because (a) the rate of baseline performance induced by ratio
schedules, coupled with the effects of extinction on that baseline,
ensures that there is room for both actions to be performed above
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8 QUAIL, LAURENT, AND BALLEINE
(or below) baseline levels in the choice test and (b) more impor-
tantly, performance on the alternative action does not drop below
baseline—a finding that has important theoretical implications.
Recent explanations of the excitatory-specific transfer effect (Bal-
leine & Ostlund, 2007) have involved a stimulus–outcome–
response (S ¡ O ¡ R) scheme that emphasizes the involvement
of excitatory relationships established during both instrumental
(R1 ¡ O1; R2 ¡ O2) and Pavlovian (S1 ¡ O1; S2 ¡ O2)
training. According to these results, presentation of a stimulus (S1)
retrieves information about the sensory-specific properties of its
associated outcome (O1) and, via that information, the response
(R1) that also predicted that outcome (S1¡ O1¡ R1). However,
this theory is unable to explain the ability of the inhibitory stimuli
to elevate responding on an action earning a different outcome
above baseline without any influence on performance of the other
actions. As the action promoted by an outcome-specific inhibitor is
associated with a different outcome from that associated with the
inhibitor, there are no shared outcome-specific associations be-
tween the inhibitor and the action to drive the increased perfor-
mance. To address this, Laurent and Balleine (2015) proposed that
inhibitory R–O associations develop during instrumental training
and that these associations are involved in guiding choice in the
presence of conditioned inhibitors. Although traditionally only the
excitatory associations between actions and the outcomes they
deliver have been considered to influence choice, when multiple
response–outcome pairings are trained, performance of one action
could come not only to predict the delivery of its associated
outcome (e.g., R1 ¡ O1) but also its failure to deliver other
outcomes (e.g., R1 ¡ noO2). The development of inhibitory
response–outcome associations could then result in the inhibitors
having a shared outcome-specific association with the response;
for example, if R1 ¡ noO2 and S4 ¡ noO2, then, following the
S–O–R theory, S4 should elevate R1. This has been consistently
observed in rodents but was only observed in a subgroup of
participants in the current study and not without ambiguity, as
noted previously.
The ability of external stimuli to bias choice in humans has been
an area of increasing interest, with emerging evidence implicating
dysfunctions in stimulus-based action selection in a range of
clinical disorders (Garbusow et al., 2016; Hogarth & Chase, 2011;
Morris et al., 2015). However, our understanding of the associative
mechanism driving this effect has been unclear and incomplete.
This study expands our understanding of stimulus-based choice in
humans by providing the first evidence that stimuli predicting the
absence of a specific outcome can influence response selection and
promote responding in an opposing manner to excitatory stimuli.
Additionally, these findings have general implications for our
understanding of decision making in humans. Whereas models of
reinforcement learning propose that response selection is deter-
mined by the respective excitatory associations between actions
and their outcomes (Daw, Niv, & Dayan, 2005), the current study
suggests that, like rodents, we use representations of what our
responses predict and what they do not predict to guide choice.
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